N*w  additions  to  tho  UTC  Intorstago  Filtsr  iamily  ars  now  arailabU  in  ths  tvpo  HPI  and 
LPI  units.  rospsctiTsly  high  pass  intsrstags  and  low  pass  intsrstags  filtsrs. 

The  units  are  designed  with  a  nominal  impedance  of  10,000  ohms  to  be  used  in  a  circuit 
as  illustrated.  Typical  curres  obtainable  are  shown  aboYe.  Loss  at  cutoff  frequency  is  less  then 
6  DB.  At  .75  times  cutoff  or  1.5  cutoff  frequency  respectWely.  the  attenuation  is  35  DB,  and  at 
one-half  or  twice 'cutoff  frequency  respectiTely,  the  attenuation  is  40  DB. 

These  units  employ  a  dual  alloy  magnetic  shield  which  reduces  inductlTS  pickup  to  150 
Mt.  per  gauss.  The  dimensions  in  hermetically  sealed  coses  are  IVt"  x  2V2"  x  2Vt".  ^ters  of 
the  HPI  and  LPI  type  can  be  supplied  for  any  cutoff  frequency  from  200  to  10,000  cycles.  Spe¬ 
cify  by  type  followed  by  frequency,  as:  LPI-2500. 

May  MT#  ceeperafe  with  yen  m  tfesiga  MMwimgt  it  yeox  mppUcmttmn  .  .  .  Mrax  ar  peafwrar? 
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OLD  FAITHFUL  GEYSER,  Yellowstone  National  Park.  Geologists  believe  it  beg.  n 
erupting  before  the  last  glaciation,  about  a  million  years  ago.  Within  record,  0!d 
Faithful  has  erupted  atndnuously  at  about  65-ininute  intervals,  spouting  a  column 
of  water  95—130  feet  high  for  4%  minutes. 


STILL 


GOING 


LONG,  UNINTERRUPTED  service  under  all 
operating  conditions  is  the  characteristic' 
you  want  most  in  a  capacitor.  Tobe  Capac¬ 
itors  serve  so  well  and  so  long  because 
every  step  in  their  manufaaure  is  checked 
and  cross-checked  by  rigid  inspeaions. 
Constant  improvement  through  constant 
research  is  the  promise  performed  by 
Tobe  engineers.  An  example  is  the  Tobe 
TRS  Capacitor,  shown  below,  a  skill¬ 
fully  designed  transmitting  condenser. 
Why  not  call  on  Tobe  for  prompt, 
specialized  help  on  all  your  capacitor 
problems? 


SPECIFICATIONS  fOk  TRS  CAPACITORS 


CAPACITY . I  to  20  mfd.  RESISTANCE,  Terminal  to  <;:ase  . . 


TRS  60S,  H 

5  mW.  600  H 

voltf  V 

SIZE—  M 

Overall  1 


CONTAINER- 
l-J/I6"xl-l/2"x4'' 
DimtutitMs  of 
otbtr  TRS  models 
on  request. 


WORKING  VOLTAGE  .  .  .  6oo 

volts  DC  to  6,000  volts  DC. 


10,000  megohms  minimum: 

POWER  FACTOR  . .  ..002  to .005 


SHUNT. RESISTANCE  .  .  6,000  VOLTAGE  TEST  Terminal  to Case^ 

megohms  per  mfd.  '  2,500  VDC  for  600  volt  condenser;:' 

^G.\)TSCHM4jU4,  CapocHor  unit  tatted  at  2  timet  rated  voltage. 

^  Universal  (wrap  around)  L  or  foot  type  and  screw 
^  Spade-lug  mounting  brockets  can  be  supplied. 


MASSAC'"' 


A  small  part  in  Victory  today , . . 

^  k  RIG  PART  IN  INDUSTRY  TOMORROW 
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November  1944  —  ELECTRONICS 


RUSSIA 

Threat .  or  Promise? 


rttEH  (his  war  iiS  ended,  ttvo  natldns— the  United 
yjy  Stat^  and  Russia— Will  posset  the  bulk  of  the 

▼  »  world’s  military  and  industrial  might 

Whether  this  hew  situation  will  hold  seeds  of  catas* 
trophe  or  of  linprecederited  opportunity  will  be  deter¬ 
mined  by  policies  .  .  .  still  to  be  formulated. 

If  this  concentration  of  power  leads  to  a  bitter  strug¬ 
gle  for  supremacy,  then  the  world  will  be  turned  Into  a 
giant  munitions  factory. 

K  it  is  used  cooperatively  to  maintain  order,  then,  I 
believe,  the  stage  is  set  for  a  long  era  of  prosperity  .  .  . 
and  peace. 

It  is  time  that  Americans,  whether  of  the  Right  or  the 
Left,  face  this  basic  issue  squarely  aind  open-mindedly. 

«  ☆  * 

No  group  in  this  country  has  a  greater  stake  than 
have  business  and  industry  in  seeing  that  a  satisfactory 
Russian- American  understanding  is  reached. 

Without  such  an  understanding  there  can  be  no  rea¬ 
sonable  hope  for  more  than  a  temporary  and  insignifi¬ 
cant  reduction  of  our  crushing  wartime  tax  burden.  If 
the  threat  of  a  clash  between  these  two  giants  intpends, 
neither  bankers  nor  governments  will  run  the  risk  of 
lending  on  a  scale  adequate  to  maintain  international 
trade  at  levels  necessary  for  our  future  prosperity. 
Potential  international  customers,  instead  of  buying 
freely  in  open  world  markets.  Will  be  forced— as  during 
the  dangerous  period  introduced  by  Hitler  in  the  early 
1930’s— into  the  trading  camp  of  whichever  power  they 
fear  most 

If,  however,  Moscow  and  Washington  will  agree  on 
cooperative  plans  for  maintaining  the  peace,  American 
business  will  enjoy  enormous  new  trade  opporttmities 
after  the  war. 

☆  ☆ 

Russia,  during  the  three  and  one-half  years  since  it 
was  attacked  by  Hitler,  has  conclusively  proved  to  a 
doubting  world  that  it  is  a  top-flight  military  power. 

Soviet  railroads  did  not  break  down  imder  the  strain 
of  war. 

Regions  accoimting  for  nearly  70  per  cent  of  Stalin’s 
key  industries  were  engulfed  by  the  invading  Nazis,  but 
before  they  fell,  Soviet  management  engineers  per¬ 
formed  a  near  miracle  by  transplanting  entire  industries 
a  thousand  miles  to  the  Urals  with  the  loss  of  as  little 
as  four  m<mths’  producticm  in  many  cases. 

Though  American  planes,  trucks,  and  medical  sup¬ 
plies  have  been  welcomed  by  Moscow,  fairness  demands 
the  admission  that  more  than  98  per  cent  of  American 
production  has  not  gone  to  the  Russian  front 

Russian  planning  and  Russian  equipment  won  the  vic¬ 
tories  of  Leningrad,  Stalingrad,  and  the  Caucasus. 

^  * 

But  these  measiires  of  Soviet  military  strength  — 
indicative  as  they  are  of  an  unsuspected  economic  de¬ 
velopment-fail  to  picture  in  adequate  detail  the  star¬ 
tling  potential  of  the  Russian  market  after  the  war. 

Russia,  for  instance,  has  two  and  one-half  times  the 
area  of  the  United  States. 


It  has  a  population  of  nearly  200,000,000,  and  this  is 
increasing  at  the  rate  of  2,500,000  a  yeSr. 

And  statistics  just  released  show  that  Russia  has  three 
times  as  many  youngsters  under  16  as  has  the  United 
States.  This  is  a  measure  both  of  war  potential  and  of 
a  vast  commercial  market. 

And  remember  that  in  no  part  of  the  world  before  the 
war  was  per  capita  production  rising  as  rapidly  as  in 
the  Soviet  Union. 

it  ii  -tr 

German  armies  Occupied  a  region  in  Russia  roughly 
equivalent  to  the  territory  in  the  United  States  north 
of  Richmond,  Virginia,  and  east  of  the  MississippL 

This  huge  area— with  its  counterparts  of  Pittsburgh, 
Buffalo,  and  Bridgeport;  of  Illinois  com  fields.  New 
York  dairy  farms,  and  Maine  potato  harvests— was  twice 
subjected  to  the  most  withering  destruction;  first  by  the 
Russians  themselves  when  they  retreated  before  the 
Germans,  and  then  by  the  Germans  when  they  with¬ 
drew  before  the  victorious  Russians. 

As  a  result,  30,000,000  people  are  in  urgent  need  of 
complete  reoUtfitting.  They  need  houses  and  shoe  laces, 
trolley  cars  and  baby  carriages,  tractors  and  livestock, 
hydroelectric  plants  and  electric  light  bulbs. 

Many  of  these  needs  will  be  met  at  home.  It  is  doubt¬ 
ful,  for  instance,  if  Moscow  will  import  cooking  utensils 
or  sewing  machines,  for  many  of  Russia’s  huge  war  fac¬ 
tories  can  quickly  be  converted  to  peacetime  production 
of  such  consumer  goods. 

But  for  the  rebuilding  and  expansion  of  her  industries 
Russia  looks  to  the  United  States  for  equipment. 

Soviet  representatives  already  are  in  this  country  with 
authoritjf  to  negotiate  for  technical  men  and  the  equip¬ 
ment  necessary  to  rebuild  the  great  Donbas  coal  mines 
according  to  the  most  modem  American  methods. 

It  is  important  to  remember  that  Russia’s  whole  iron 
and  steel  industry,  its  non-ferrous  mining  and  process¬ 
ing,  some  of  its  chemical  production,  much  of  its  coke 
roasting  and  gas  recovery,  practically  its  entire  auto¬ 
mobile  and  tractor  industry,  and  Ae  largest  of  its 
hydroelectric  plants,  are  based  on  American  machinery 
and  processes. 

It  is  known  among  manufacturers  that  Russia  recently 
has  asked  for  bids  on  shipbuilding  equipment,  constmc- 
tion  and  roadbuilding  machinery,  alloy  steels,  textile 
machines,  plastics,  and  a  long  list  of  rail,  air,  and  water 
transport  supplies. 

it  it  it 

The  Soviet  Union,  however,  has  more  than  a  rehabili^ 
tation  job  cm  its  drawing  boards. 

The  first  Five-Year  Plan,  which,  as  we  all  remember, 
was  completed  ahead  of  time  in  1932,  was  devoted  almost 
exclusively  to  heavy  industry.  Russia  set  out  to  build 
for  itself  the  machines  and  the  factories  which,  in  later 
years,  could  turn  out,  at  home,  modem  equipment  for  a 
vast  range  of  light  industries. 

Stalin,  when  he  inaugurated  the  second  of  his  famous 
Five-Year  Plans,  promised  that  before  it  was  completed 
Soviet  factories  would  begin  to  turn  out  a  flow  of  con- 


sumer  goods  — ready-made  dresses,  canned  foods,  soap, 
cosmetics,  shoes,  kitchenware,  automobiles,  telephones, 
and  modem  houses. 

But,  by  1935,  Moscow  realized  that  Russia  could  not 
afford  to  enjoy  such  luxiuies  in  the  face  of  growing 
political  tension  in  Ekirope.  So,  when  the  third  Five- 
Year  Plan  was  launched,  there  was  no  fanfare.  Russians 
continued  to  wear  their  old  clothes,  to  eat  whatever 
simple  food  was  available,  and  began  grimly  to  build 
the  industries  which  ultimately  produced  enough  tanks, 
planes,  and  guns  to  turn  the  tide  of  battle  at  Stalingrad. 

It  is  characteristic  of  Moscow  that  even  before  the 
last  battles  with  the  Nazis  are  over,  Russia  is  planning 
to  pick  up  its  Five-Year  Plans  where  the  war  had  inter¬ 
rupted  them. 

Invitations  to  participate  in  a  permanent  exhibition  in 
Moscow  already  have  been  mailed  to  American  manu¬ 
facturers.  Soviet  oflBicials  want  their  public  to  see  sam¬ 
ples  of  our  new  machine  tools,  alxuninum  €Uid  alloy 
products,  oil-drilling  machinery,  bulldozers,  and  prefab¬ 
ricated  kitchen  equipment.  Russia  already  is  projecting 
specific  plans  to  resume  the  job  (1)  of  making  the  coim- 
try  an  industrial  giant  comparable  to  the  United  States, 
and  (2)  of  making  life  more  pleasant  for  a  long-suffer¬ 
ing  people. 


manganese,  chromitun,  and  handicrafts.  But  iinless  thbl 
voliune  of  purchases  from  Russia  can  be  boosted  by  an. 
other  $50,000,000  annually,  credits  of  the  size  nece$sai> 
to  fill  immediate  Russian  needs  could  not  be  serviced 
without  large  supplemental  importaticms  of  undesirable 
gold. 

The  nub  of  the  situation  is  that  Russia  offers  an  ex¬ 
traordinary  potential  market  particularly  for  our  hc-vy 
industries  which  have  grown  so  enormously  dtuing  the 
war.  But  if  this  sales  outlet  is  to  materialize,  then  the 
United  States  must  find  a  way  to  import  from  Russia 
(or  from  Russia’s  debtors  if  any)  from  ten  to  twenty 
times  as  much  as  we  did  before  the  war.  Instead  of 
merely  going  after  the  export  business,  American  busi¬ 
nessmen  must  explore  with  the  Russians  the  possibility 
of  buying  bigger  supplies  of  Soviet  products. 


But  more  than  the  Russian  market  itself  hinges  upon 
sound  cooperative  action  by  the  world’s  two  leading 
military-industrial  nations. 

If  trade  between  them  is  held  to  a  minimum  and  if 
relations  are  strained,  the  flow  of  trade  all  over  the 
world  will  be  adversely  affected. 

Europe,  long,  this  country’s  biggest  export  outlet,  cer¬ 
tainly  will  never  take  the  bold  steps  necessary  to  re¬ 
constitute  its  economy  on  a  peacetime  basis  if  Russia 
and  the  United  States  drift  into  a  race  for  military 
supremacy. 

The  Balkan  states,  which  may  be  industrialized  by 
Moscow  in  order  to  reduce  their  dependence  on  Ger¬ 
many,  and  the  Arab  world  with  its  huge  need  for 
transportation,  irrigation,  and  sanitation,  will  not  dare 
accept  American  credits  or  make  big  contracts  with 
American  engineers  if  Moscow  frowns  on  the  deals. 

And  refusal  of  Russia  and  the  United  States  to  work 
coopjeratively  to  maintain  the  peace  would  kill,  in  their 
present  embryonic  stage,  all  dreams  of  a  vast  indus¬ 
trialization  program  for  China. 


What  is  the  measure  of  this  postwar  market  in  the 
Soviet  Union? 

,  Some  estimates  place  the  total  quantity  of  goods  which 
Russia  might  take  from  the  United  States  during  the 
first  two  or  three  years  after  the  war  as  high  as 
$5,000,000,000  a  year.  Then,  as  Russian  industry  is  re¬ 
stored,  imports  from  the  United  States  might  taper  off 
perhaps  to  $2,000,000,000  a  year. 

Actually,  these  estimates  are  far  too  optimistic,  uuIpss 
the  United  States  is  prepared  (1)  to  help  Russia  pay  by 
buying  vast  quantities  of  Soviet  raw  materials,  and  (2) 
to  provide  large  credits  to  handle  the  purchases  during 
the  first  few  years  of  rehabilitation. 

The  relations  of  American  exporters  with  Russia  dur¬ 
ing  the  period  covered  by  the  three  Five-Year  Plans 
have  been  eminently  satisfactory.  Moscow  has  met  all 
of  its  obligations  pimctually;  fifteen  years  of  experience 
have  reduced  contract  forms  to  the  point  where  they 
cause  a  minimiun  of  misimderstanding  between  the 
Russian  representatives  and  the  American  producers; 
individual  American  companies  with  extensive  prewar 
experience  in  handling  Soviet  business  already  are  of¬ 
fering  large  credits  on  initial  postwar  orders  though 
these  may  yet  be  replaced  by  large  government  credits 
at  lower  interest  rates. 

But  the  volxime  of  trade  with  Russia  after  the  war 
hinges  upon  Moscow’s  ability  t6  pay.  Never  before  the 
war  did  the  United  States  buy  more  than  $30,000,000 
of  goods  a  year  from  Russia.  As  late  as  1938,  Soviet  ex¬ 
ports  to  this  coimtry  amoimted  to  as  little  as  $23,500,000, 
far  less  than  enough  to  pay  even  the  service  charges  on 
the  credits  which  woxild  have  to  be  extended  in  con¬ 
nection  with  exports  of  several  billion  dollars  a  year. 
Only  South  Africa  produces  more  new  gold  each  year 
than  the  Soviet  Union.  But  the  United  States  does  not 
want  gold;  more  of  it  would  only  complicate  the  prcib- 
lem  of  controlling  prices  here. 

If  the  United  States,  however,  is  to  achieve,  after  the 
war,  the  high  level  of  national  income  which  is  neces¬ 
sary  (1)  to  keep  our  expanded  factories  in  operation, 
and  (2)  to  service  the  national  debt,  it  might  absorb 
from  $90,000,000  to  $100,000,000  a  year  of  the  kind  of 
goods  bought  from  Russia  before  the  war— furs,  timber. 


The  opportunity  to  make  a  major  change  in  the  trade 
map  of  the  world  and  at  the  same  time  to  achieve  a 
sharp  rise  in  our  own  standard  of  living  is  before  us. 

It  demands  of  American  business  leaders  the  kind  of 
boldness  and  imagination  that  their  predecessors  dis¬ 
played  when  they  pioneered  this  covmtry’s  unknown 
West 

It  demands  realistic  action  by  men  who  know  that  the 
solution  to  this  coxmtry’s  real  foreign  trade  problem 
vmder  today’s  conditions  lies  in  boosting  imports  not 
exports  alone  . . .  men  who  are  not  afraid  of  being  paid 
for  what  they  selL 

It  calls  for  leaders  who  will  approach  Moscow  and 
other  major  customers  at  once  with  constructive  plans 
that  would  parallel  in  scope  those  on  which  this  coimtry 
is  waging  war  .  .  .  leaders  who  will  make  it  clear  at  the 
outset  that  this  bid  for  cooperative  action  emphatically 
demands  that  each  nation  shall  have  complete  freedom 
to  determine  its  internal  political  and  economic  organi¬ 
zation  without  interference  from  the  other. 

It  is  this  caliber  of  leadership  upon  which  our  future 
hinges.  m 
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^HARE  . . .  From  a  service  man  in  the  South  comes 
the  plea:  *'I  am  seeing  so  much  that  is  electronic  in 
my  work  that  I  wish  to  supplement  my  work  with 
reading  in  this  field.  I  wonder  if  some  of  your  read¬ 
ers  who  do  not  file  their  copies  could  forward  them 
to  me  after  they  are  through?  In  this  manner  they 
will  help  keep  another  soldier  boy’s  intellect  alert.” 

Seems  like  a  marvelous  idea.  Anyone  want  Pvt. 
So-and-So’s  real  name? 

^ADJUSTMENT  .  .  .  Not  all  of  the  adjustments, 
post-war,  are  going  to  be  made  by  industry  nor  by 
returning  service  men.  Many  of  the  adjustments 
will  have  to  be  made  by  men  who  have  stayed  at  home, 
making  their  contribution  in  any  one  of  a  dozen  ways 
which  have  very  little  in  common  with  their  jobs 
before  the  war. 

Consider  the  college  professor,  perhaps  from  a 
small  and  not  too  rich  institution,  who  will  be  con¬ 
stantly  surrounded  by  youngsters  taking  his  courses 
because  the  curriculum  requires  it;  always  wishing 
for  more  apparatus  than  his  department  budget  will 
tolerate,  apparatus  not  only  for  demonstration  but 
for  some  of  his  own  research. 

During  the  war  he  has  been  surrounded  by  col¬ 
leagues  whose  intellectual  background  and  interests 
and  scientific  attainments  may  not  only  equal  his 
own  but  may  even  surpass  them  so  that  he  learns 
while  working;  whose  every  request  for  research 
equipment  is  quickly  gratified. 

Or,  consider  a  small-company  engineer  or  scientist 
who  will  have  limited  funds  for  research,  with  a 
small  staff,  under  the  constant  necessity  of  producing 
profitable  items,  never  quite  free  to  work  on  his  own 
ideas  because  they  are  not  right  down  the  company 
line. 

During  the  war  he  has  unlimited  funds,  his  staff 


may  be  numbered  in  the  scores  of  hundreds,  and  his 
sole  aim  is  to  produce  devices  the  success  of  which 
is  gaged  solely  by  their  excellence  for  the  job. 

Colleges  and  industry  must  be  cognizant  of  the 
emotional  problems  of  such  men  when  they  return 
to  our  humdrum  world;  must  remember  that  their 
returning  personnel  may  have  had  visions  which  can¬ 
not  possibly  be  duplicated  on  the  home  grounds. 
Somehow,  means  must  be  found  to  condition  favor¬ 
ably  the  atmosphere  in  which  these  war-time  con¬ 
tributors  do  their  peace-time  work. 

• 

^MAKEUP ...  In  all  businesses  there  are  exigencies ; 
unexpected  things  that  crop  up  to  plague  an  other¬ 
wise  pleasant  setup.  In  the  publishing  business, 
one  of  the  exigencies  is  the  article  that  is  a  column  or 
two  too  long  to  fit  into  the  allotted  space.  One  way 
out  of  the  difficulty  is  to  “turn-over”  the  extra  column 
or  two  into  the  rear  of  the  book. 

Electronics  readers  are  particularly  busy  at  this 
time  and  should  not  have  to  paw  through  the  rear 
of  the  book  to  read  the  end  of  any  technical  article. 
Beginning  in  this  issue,  the  editors  intend  to  make 
articles  “break  even”  up  front,  to  end  them  in  the 
feature  section  where  they  start  if  this  is  humanly 
possible.  Only  in  makeup  emergencies  and  to  avoid 
emasculating  material  will  they  diverge  from  this 
new  policy. 

^FIRE  ...  It  seems  to  be  a  normal  male  desire  to 
chase  fires.  Well,  out  in  Ohio  several  electronic 
engineers  enjoyed  this  pastime  so  much  they  got 
busy  and  developed  a  whole  fire  alarm  system  for 
their  particular  town,  presented  it  to  the  town  and 
had  .themselves  cut  in  on  the  circuits  so  they  could 
really  chase  fires  efficiently! 
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INTERNATIONAL 

Radio  Frequency  Proposals 


Preparing  for  forthcoming  Treaty  Conferences,  a  committee  of  industry  and  govern¬ 
ment  representatives  is  currently  meeting  under  the  sponsorship  of  the  State  Depart¬ 
ment.  Its  work  is  far  from  completed  but  some  of  the  initial  suggestions  do  point  toward 

things  to  come 


INTERNATIONAL  ASPECTS  of  the 
radio  art  are  attracting  the  close 
attention  of  post-war  planners  in 
a  series  of  meetings  currently  being 
held  in  Washington. 

The  State  Department,  which  is 
charged  with  the  preparation  of 
proposals  for  international  treaties 
in  the  telecommunications  field,  has 
undertaken  to  obtain  the  advice  and 
guidance  of  other  government  de¬ 
partments  and  the  industry,  looking 
toward  the  next  Treaty  Conference 
at  which  existing  international  law 
and  regulations  will  be  revised  to 
meet  new  technical  and  economic 
conditions.  Such  a  revision  is  long 
overdue. 

Major  Committoo  Objoetivos 

The  present  international  radio 
law  rests  in  the  International  Tele¬ 
communications  Convention  formu¬ 
lated  at  Madrid  in  1932,  and  the 
General  Radio  Regulations  as  re¬ 
vised  at  the  Cairo  Conference  in 
1938. 

Since  1938,  much  water  has  gone 
over  the  dam.  New  regions  of  the 
ether  spectrum  have  been  opened  to 
extensive  use.  Existing  allocations 
and  services  have  assumed  new 
relative  positions  of  importance. 
The  interference  problem,  due  in 
part  to  disregard  of  international 
service  assignments,  has  become  so 
acute  that  it  borders  on  the  chaotic. 
The  war  has  brought  with  it  many 
new  developments  in  aviation  and 
long-distance  communication,  many 
of  which  will  continue  in  peacetime. 

Many  of  the  aspects  of  the  work 
now  in  progress  are  legal  in  nature, 
particularly  the  delicate  questions 


of  the  sovereign  rights  of  nations 
and  the  enforcement  of  treaty 
agreements.  But  an  equally  large 
part  of  the  work  is  technical,  and 
it  is  this  task  which  has  been  as¬ 
signed  to  a  committee  under  the 
chairmanship  of  Dr.  J.  H.  Dellinger. 

The  committee  consists  of  mem¬ 
bers  from  industry,  including  many 
active  in  the  Radio  Technical  Plan¬ 
ning  Board,  and  from  government 
departments  including  the  Army, 
Navy,  and  the  FCC.  The  meetings 
began  August  11  and  12,  were  re¬ 
sumed  on  September  20  and  21,  and 
later  meetings  are  scheduled  to  fol¬ 
low  the  Allocation  Hearings  of  the 
FCC  which  began  on  September  28. 

The  Technical  Committee  has 
been  charged  with  two  main  investi¬ 
gations:  (1)  A  general  survey  of 
the  definitions  and  standards  which 
should  govern  international  allo¬ 
cation  and  standardization  of  fre¬ 
quency  assignments,  and  (2)  a 
specific  study  of  frequency  alloca¬ 
tions  to  particular  services. 

The  work  has  by  no  means  been 
completed,  so  it  is  not  possible  to 
report  official  conclusions.  But  at 
the  initial  meeting,  representatives 
of  the  State  Department  stated 
that  the  proceedings  might  be  re¬ 
ported  in  the  press  as  they  proceed¬ 
ed  provided  that  no  direct  quota¬ 
tions  were  made  from  the  draft 
proposals  and  minutes. 

Dafinitiens  aad  Standards 

The  first  portion  of  the  work  of 
the  technical  committee,  relating  to 
definitions  and  standards,  is  con¬ 
cerned  with  proposed  changes  in 
the  Radio  Regulations  (Cairo, 


1938).  Changes  may  be  extensive. 

It  is  evident  that  the  introduc¬ 
tion  of  frequency  modulation  has 
changed  concepts  in  a  number  of 
particulars.  It  is  proposed,  for 
example,  to  classify  the  emission  of 
a  transmitter  as  “A”  for  amplitude 
modulation,  “F”  for  frequency 
modulation  (and  phase  modulation) 
or  “AF”  for  emissions  combining 
the  two  types.  Following  this 
designation  is  a  number  which  de¬ 
notes  the  bandwidth  occupied  by 
the  transmissions,  expressed  in 
kilocycles.  Thus  a  standard  broad¬ 
cast  station  would  bear  the  desig¬ 
nation  AlO,  and  a  standard  fre¬ 
quency  modulation  station  F160. 
(The  symbol  “T”  has  also  been 
suggested  for  keyed  signals.) 

The  methods  of  calculating  the 
bandwidth  of  given  classes  of  sta¬ 
tion  are  stated  in  the  proposed  regu¬ 
lations  as  follows:  A  pure  cw  tele¬ 
graph  station  has  a  bandwidth  in 
kc  equal  to  0.0005  BW,  where  B  is 
the  average  bauds  per  letter  (a 
number  ranging  from  5.0  for  a  five- 
unit  teleprinter  signal  to  8.4  for 
international  Morse  code),  and  W 
is  the  number  of  words  per  minute 
transmitted.  The  bandwidth  of  a 
modulated  cw  telegraph  station  is 
equal  to  the  above  expression,  plus 
twice  the  modulation  frequency 
An  amplitude-modulated  station 
(voice  or  music)  has  a  bandwidth 
equal  to  twice  the  modulating  fre 
quency.  A  frequency-modulated 
station  (voice  or  music)  has  a  band¬ 
width  of  twice  the  maximum  fre 
quency  swing,  in  kc,  provided  the 
swing  is  equal  to  or  greater  than 
the  highest  modulating  frequency, 
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which  it  is  in*  nearly  all  practical 
cases. 

To  assist  in  comparing  various 
transmissions  on  an  equal  footing 
it  is  proposed  to  rate  transmitters 
in  terms  of  the  peak  power  sup> 
plied  to  the  antenna  in  normal  op¬ 
eration. 

Emissions  outside  the  authorized 
bandwidth  must  be  at  least  26  db 
below  the  maximum  radiated  held 
within  the  authorized  band,  and  if 
interference  is  caused  by  such 
“extra-band”  emissions  they  must 
be  further  reduced. 

Only  two  types  of  services  are 
defined,  “fixed”  and  “mobile.”  A 
portable  station  assumes  the  classi¬ 
fication  of  the  service  in  which  it 
operates,  even  if  such  operation  is 
on  a  temporary  basis.  Thus  a  port¬ 
able  station  temporarily  operating 
from  a  specified  fixed  location  is  a 
fixed  station.  If  used  while  in  mo¬ 
tion,  or  at  unspecified  fixed  loca¬ 
tions  en  route,  it  is  a  mobile  station. 

It  is  proposed  that  in  the  future, 
station  assignments  be  specified  in 
frequency,  in  kilocycles  or  mega¬ 
cycles,  and  not  in  terms  of  wave¬ 
length. 

Specific  limits  to  the  permissible 
amount  of  radiation  on  harmonics 
of  the  assigned  frequency  are  pro¬ 
posed;  the  peak  power  of  the  ra¬ 
diated  harmonic  is  to  be  40  db  below 
the  peak  power  of  the  fundamental, 
and  in  no  event  greater  than  200 
milliwatts. 

It  is  proposed  that  the  use  of 
damped  radio-frequency  oscillations 
be  specifically  forbidden. 

Proposed  Table  of  Ailoeatioes 

The  proposal  most  of  interest  to 
the  readers  of  Electronics  is  the 
Frequency  Allocation  Table.  This 
table  is  in  no  sense  in  final  form, 
and  was  offered  to  the  Committee 
primarily  as  a  means  of  “starting 
the  argument.” 

The  table  was  drawn  up  by  the 
Inter-Department  Radio  Advisory 
Committee  (IRAC),  the  official 
government  committee  on  radio 
allocations.  The  proposed  table 
may  be  viewed  as  a  preliminary 
statement  of  the  government  in¬ 
terest  in  frequency  allocations.  The 
interest  of  the  industry,  in  contrast, 
is  being  formulated  by  the  Radio 
Technical  Planning  Board,  and  its 
recommendations  have  been  sepa¬ 
rately  presented  before  the  Alloca¬ 


tions  Hearings  of  the  FCC. 

The  IRAC  set  up  the  various 
radio  services  in  general  order  of 
priority  as  follows:  (1)  Services 
concerned  with  the  preservation  of 
life  and  property,  particularly  navi¬ 
gation  aids  and  distress  calling 
service,  (2)  communication  serv¬ 
ices  of  an  essential  nature  which 
cannot  be  supplied  by  non-radio 
means,  such  as  maritime  and  aero¬ 
nautical  communications  not  cov¬ 
ered  in  the  first  classification,  (3) 
broadcasting,  including  standard, 
fm,  television  and  facsimile,  (4) 
‘communication  services  using  radfo 
because  the  use  of  wire  lines  is  not 
expedient,  such  as  transoceanic 
telegraph  and  telephone,  and  (5) 
other  radio  services. . 

AmotaMrs  Wall>Protact«d 

A  most  important  aspect  of  the 
table  is  the  extent  of  the  spectrum 
covered,  from  the  lowest  frequen¬ 
cies,  about  10  kc,  to  an  upper  limit 
at  30,000,000  kc  (30,000  Me, -or 
1-centimeter  wave  length). 

The  highest  specific  service  pro¬ 
posed  is  a  band  from  21,000  to  22,- 
000  Me  for  amateur  service.  The 
amateur  bands,  which  are  of  out¬ 
standing  interest  to  an  industry' 
composed  largely  of  amateurs  and 
ex-amateurs,  are  proposed  as  fol¬ 
lows:  3500-3900  kc,  7000-7400  kc, 
14,000-14,400  kc,  21,000-22,000  kc, 
28,000-30,000  kc,  144-149  Me.  218- 
225  Me,  420-460  Me,  1125-1225  Me, 
2600-2700  Me,  5200-5750  Me,  10,- 
000-10,500  Me,  ad  21,000-22,000  Me, 
The  pre-war  bands  at  15  meters  and 
5  meters  are  deleted,  and  a  new 
band  at  15  meters  is  proposed,  as 
w'ell  as  six  new  bands  at  wave¬ 
lengths  less  than  one  meter. 

No  provision  is  made  for  inter¬ 
national  high-frequency  broadcast¬ 
ing  in  the  IRAC  Table.  This 
omission  has  caused  considerable 
opposition  on  the  part  of  the  indus¬ 
try  representatives,  who  feel  that 
space  must  be  found  for  this  activ¬ 
ity. 

FM  and  Television  Proposals 

Fretiuency  modulation  and  tele¬ 
vision  receive  an  unbroken  assign¬ 
ment  from  42  to  108  Me,  divided  in 
two  regions,  42  to  54  Me  for  fm,  and 
54  to  108  Me  for  television.  This 
proposal  conflicts  with  that  of  the 
RTPB  Television  Panel  which  rec¬ 
ommends  assignments  of  six- 


megacycle  channels  from  50  to  246 
Me,  excluding  the  56-60  Me  region. 
The  RTPB  Panel  on  v-h-f  Broad¬ 
casting  recommends  the  region 
from  approximately  40  Me  to  ap¬ 
proximately  56  or  60  Me  for  fm. 

The  IRAC  Table  also  makes  pro¬ 
vision  for  television  on  higher  fre¬ 
quences,  presumably  with  wider 
bandwidths  than  the  6  Me  currently 
used.  These  television  assignments 
lie  in  the  bands  460-508  Me  and 
524-956  Me. 

Standard  Iroadeasting  and  Aviation 

In  the  standard  broadcasting 
band  it  is  proposed  to  add  one  addi¬ 
tional  10-kc  channel  at  540  kc. 

Standard  frequency  broadcasting 
(of  the  WWV  tyi)e)  is  proposed  for 
international  standardization  'at 
2500  kc,  5000  kc,  10,000  kc,  15,000 
kc  and  20,000  kc. 

Aviation  radio  in  all  its  forms 
occupies  a  large  place  in  the  Table, 
as  indeed  it  must  in  any  post-war 
plan.  It  is  proposed  that  all  purely 
domestic  aviation  traffic  control, 
airport  communication  and  plane- 
to-plane  and  plane-to-ground  com¬ 
munication  be  carried  out  on  the 
u-h-f  bands  where  no  interference 
will  be  caused. 

Navigatioa  and  Safety  Davleat 

It  may  be  wondered  why  the  re¬ 
gion  of  the  spectrum  above  30  Me 
should  be  allocated  definitely  in  an 
international  agreement,  since  di¬ 
rect  interference  between  nations 
on  such  frequencies  is  restricted  to 
over-the-border  cases,  which  could 
be  solved  by  regional  agreements 
within  continental  areas. 

This  fact-  is  generally  admitted. 
But  it  is  equally  evident  that  the 
maritime  and  aeronautical  mobile 
services  will  employ  v-h-f  and  u-h-f 
equipment  for  traffic  control,  instru¬ 
ment  landing,  harbor  approach,  nav¬ 
igation,  collision  prevention,  and 
the  like.  Such  “common  carriers” 
engaged  in  international  trade  must 
be  able  to  use  the  same  equipment 
in  any  harbor  or  airport  in  the 
world; 

Whether  or  not  the  proposed  Ta¬ 
ble  will  remain  in  its  present  form 
when  the  Treaty  Conference  meets 
depends  on  the  action  taken  by  the 
State  Department  (Committee,  as 
well  as  on  such  action  as  the  FCC 
may  take  following  the  presentation 
of  the  RTPB  proposals. 
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for  Land  Navigation 


FIG.  2 — Cutaway  drowlag  oi  maqxMlle  compoM  unit  which  Lilting  of  compou  bowl  ossombly  oxposes  phototubo-thyrotron 

cdso  contolns  tho  phototnboa  and  thyrotrons  with  thoir  omo-  iollow-np  systom  that  tronsfon  compass  indications  to  tho 

dated  light  source  and  deflecting  mirrors  plotting  unit 


functions  of  the  odograph  are  often 
combined  by  using  either  the  same 
or  different  instruments.  Thus, 
maps  made  by  one  or  more  odo- 
graphs  can  be  used  by  other  odo- 
graph-equipped  vehicles.  The  unit 
is  particularly  valuable  at  night 
when  guiding  landmarks  are  not 
readily  visible. 

Some  of  the  more  important  uses 
of  the  odograph  may  include  tac¬ 
tical  reconnaissance  by  armored 
and  cavalry  forces,  navigation  in 
unmarked  terrain,  rendezvous  of 
units  by  various  forces,  surveys  by 
field  artillery  forces,  and  recon¬ 
naissance  and  mapping  by  engineer 
forces. 

The  word  odograph  comes  from 
the  Greek,  and  literaUy  means 
“writes  the  way”  (“hodos”  means 
“way”  and  “graph”  means  “write”) . 

Guueral  Description  of  installation 

The  installation  involves  three 
component  parts:  (1)  A  magnetic 
compass  with  its  electronic  conver¬ 
sion  system;  (2)  A  plotting  unit 
with  its  Si  by  11-inch  map  table, 
tracing  pencil  and  mileage  dials; 


(3)  A  power  pack  operating  from 
the  vehicle  storage  battery.  Inter¬ 
connections  but  not  positions  of 
these  units  are  shown  in  Fig.  1; 
when  installed,  the  plotting  unit  is 
positioned  for  accessibility  and  the 
compass  for  good  magnetic*condi- 
tions. 

The  plotting  unit  is  actuated  by 
the  vehicle  speedometer  drive.  The 
azimuth  indication  of  the  compass 
is  transmitted  to  the  plotting  unit 
through  the  electronic  control  cir¬ 
cuit.  The  total  distance  .  traveled 
and  the  proper  directions  are  com- 
•  bined  in  the  plotting  unit  to  give  a 
record  of  the  course.  A  magnetic 
compass  is  used  because  of  the  rela¬ 
tive  complexity  and  size  of  a  com¬ 
plete  self-directing  or  north-seek¬ 
ing  gyroscopic  compass,  and  be¬ 
cause  the  shock  and  rapid  changes 
in  direction  involved  in  land  opera¬ 
tion  are  too  severe  for  such  an  ap¬ 
paratus. 

Oatails  of  fhe  Compass 

In  order  to  plot  a  course,  both  the 
distance  traversed  and  the  direction 
must  be  known.  Direction  sensing 


in  the  odograph  is  accomplished  by 
the  compass,  which  has  for  its  basic 
element  a  magnetic  card  assembly 
inclosed  in  a  glass  bowl,  as  illus¬ 
trated  in  Fig.  2.  The  bowl  is  filled 
with  a  petroleum  fluid  which  exerts 
a  retarding  influence  on  fins  which 
project  downward  into  it  from  the 
compass  card  proper.  This  gives 
damping  to  prevent  erratic  motion. 

Mounted  at  the  center  of  the  card 
are  two  mirrors  which  are  assembled 
at  a  dihedral  angle  having  a  hori¬ 
zontal  axis  as  shown  in  Fig.  2.  Re¬ 
sponse  of  the  magnetic  card  to  the 
influence  of  the  earth’s  magnetic 
poles  causes  the  card  mirrors  to 
face  in  a  northerly  direction  imme¬ 
diately  following  any  displacement 
of  the  compass  housing. 

The  rest  of  the  compass  unit  is 
related  to  the  card  only  by  optical 
means.  A  focused  beam  of  light 
shines  through  the  glass  bowl  onto 
the  center  point  of  the  compass-card 
mirrors  and  is  reflected  back  to¬ 
ward  mirrors  on  the  outside  of  the 
light  housing,  as  shown  in  Fig.  3. 
The  housing  and  the  phototubes  and 
thyratrons  are  mounted  on  a  revolv- 

X-  - 
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Automatic  Map  Tiacei 


The  odograph,  now  in  production  for  installation  in  jeeps,  utilizes  phototubes  and  thyra* 
trons  to  transfer  the  indications  of  a  precision  magnetic  compass  to  a  plotting  unit  actuate<l 
by  a  speedometer  drive  cable,  causing  a  pencil  to  trace  on  an  appropriate  map  the  exact 
course  taken  on  roads  or  on  cross-country  movements 


Captain,  C.  E. 
Applied  Electronict  Branch 
The  Engineer  Board 
Fort  Belvoir,  Virginia 


IN  military  use  the  Odofirraph, 
Land,  M-1  is  installed  in  i-ton 
trucks  (jeeps),  to  achieve  two  basic 
purposes:  (1)  Map  making,  or  plot¬ 
ting  the  positions  of  objectives  rela¬ 
tive  to  a  given  base;  (2)  Naviga¬ 
tion,  or  finding  objectives  whose  po¬ 
sition  relative  to  a  given  base  is 
known.  These  two  functions  are 
often  combined. 

Since  the  odograph  automatically 
plots  the  course  taken  by  a  moving 
vehicle,  unknown  terrain  is  readily 
mapped  by  driving  over  it.  In  addi¬ 
tion  to  obtaining  maps  of  the  roads, 
it  is  possible  to  plot  locations  of  im¬ 
portant  points  or  objects  either  by 
driving  the  vehicle  to  the  point,  or 
estimating  its  distance  and  azimuth 
from  a  known  location  of  the  vehi¬ 
cle  with  a  range  finder.  In  trans¬ 
port  or  reconnaissance,  a  map  hav¬ 
ing  the  desired  course  can  be  placed 
directly  on  the  odograph  map  table 
and  the  trace  formed  by  the  plotting 
pencil  can  be  watched  to  make  sure 
the  correct  route  is  being  followed. 

When  travelling  to  a  given  ob¬ 
jective  whose  position  is  known  rel¬ 
ative  to  the  starting  point,  it  is  pos¬ 
sible  to  plot  the  objective  on  the 
odograph  map  table  and  then  drive 
the  vehicle  in  the  general  direction 
of  the  objective  by  following  roads 
or  other  convenient  routes.  Since  at 
any  given  time  the  relative  loca¬ 
tions  of  the  objective  and  the  vehi¬ 
cle  are  always  shown  on  the  odo¬ 
graph  map,  the  vehicle  can  reach 
the  objective  even  though  the  driver 
has  no  previous  knowledge  of  the 
road  net  and  terrain. 

Mapmaking  and  navigational 


Land  odograph.  M-1.  installed  In  a  V4-ton  Army  truck  for  road  reconnaissance. 
Installations  in  this  type  of  Tehicie  hare  given  the  most  satisiactory  performance 
so  far  because  the  compass  can  be  moi.nted  away  from  large  magnetic  masses 


4  *-  Wamfng 
signals  h 


Compass 
a/riye  sharft—^ 


2.— Plotting  unit 


Plotting  unit 
dri\fe  shaft  - 


Vehicle 

battery 


FIG.  1 — Interconnection  of  units  in  on  odograph  installation.  One  warning  signal 
blinks  continually  while  the  instrument  is  in  operation.  The  other  signal  lam*) 
flashes  when  the  tracing  pen  is  about  to  go  off  the  map  table,  indicating  that 
the  vehicle  is  moving  out  of  the  area  covered  by  the  mop  being  used 
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yokes  in  the  plotting  unit  and 
thereby  causes  the  driving  motor  in 
that  unit  to  rotate  the  flexible  shaft 
until  the  compass  table  is  back  in 
alignment  with  the  compass  card. 

Faaetioaiag  of  Elecfroaie  Circait 

The  complete  electronic  circuit  of 
the  odograph  is  shown  in  Fig.  4. 
When  plate  voltage  is  first  applied 
to  the  thyratrons  by  the  power 
pack,  no  current  is  flowing  through 
the  200-ohm  rheostat  serving  as 
cathode  bias  resistance,  and  one  of 
the  thyratrons  will  fire.  (Theoreti¬ 
cally,  both  tubes  should  fife  simul¬ 
taneously,  but  in  practice  one  tube 
will  nearly  always  fire  first  since  it 
is  practically  impossible  to  build 
two  tubes  with  identical  charac¬ 
teristics.  If  both  do  fire,  the  power 
switch  is  momentarily  turned  off.) 

Assume  that  thyratron  B  fires 
first  It  permits  current  flow 
through  the  bias  resistor,  providing 
a  voltage  drop  that  prevents  the 
other  thyratron  from  firing.  Plate 
current  of  thyratron  B  flows 
through  clutch  electromagnet  C, 
actuating  the  clutch  and  causing 
the  plotting-unit  motor  to  rotate  the 
compass  table  in  one  direction.  At 
the  same  time,  the  1.0-juf  capacitor 
connected  between  the  thyratron 
plates  becomes  charged  to  approxi¬ 
mately  185  volts. 

Rotation  of  the  compass  table  in 
the  direction  associated  with  clutch 
C  soon  results  in  light  being  re¬ 
flected  from  the  compass  card  mir¬ 
ror  onto  phototube  D,  which  con¬ 
trols  nonconducting  thyratron  E. 
This  light  reduces  the  resistance 
of  the  phototube,  allowing  current 
to  flow  through  the  5-Megohm  re¬ 
sistor  in  the  grid  circuit  of  thyra¬ 
tron  E  in  such  a  direction  as  to 
make  the  grid  of  E  positive  with 
respect  to  its  cathode.  As  a  result, 
this  tube  fires,  and  its  plate-cathode 
voltage  drops  from  200  volts  to  15 
volts.  For  an  instant  both  thyra¬ 
trons  are  conducting,  but  the  plate- 
to-plate  capacitor  discharges,  plac¬ 
ing  a  negative  voltage  of  nnnus  170 
volts  on  the  plate  of  thyratron  B 
long  enough  to  block  this  tube  and 
enable  its  grid  to  gain  control. 

Now  thyratron  E  sends  plate  cur¬ 
rent  through  clutch  F,  causing  the 
compass  table  to  rotate  in  the  op¬ 
posite  direction.  Rotation  continues 
until  the  light  beam  has  swung  over 
onto  phototube  A,  triggering  off 
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FIG.  5— Top  tIow  of  plotting  unit 


CloMup  of  plotting  unit  with  glam  coTor  in  pkxco.  A  Btubby  automatic  pondl  la 
moTod  ovor  tho  mop  toblo  by  tbo  load  acrowa 


gardless  of  the  signal  from  the  pho¬ 
totube. 

At  the  other  extreme,  if  the  en¬ 
tire  200  ohms  is  in  the  cathode  cir¬ 
cuit,  the  thyratron  will  never  fire. 
In  practice,  a  setting  is  used  be¬ 
tween  these  two  extremes  or  at 
about  120  ohms.  A  lower  resistance 
than  this  will  tend  to  speed  up  the 
hunting  cycles  of  the  apparatus  and 
reduce  the  angle  of  hunt,  while 
higher  resistance  will  have  the  op¬ 
posite  effect. 

So  that  the  operator  of  the  vehi¬ 
cle  can  observe  the  operation  of  the 
unit,  a  signal  box  is  located  on  the 
dashboard.  It  contains  a  1-watt 
neon  lamp  which,  in  normal  opera¬ 
tion,  glows  on  alternate  electrodes 
in  synchronism  with  the  hunting 


thyratron  B  and  thereby  starting 
a  new  hunting  cycle.  This  hunting 
action  goes  on  continually  while  the 
odograph  is  in  use,  and  circuit  ad¬ 
justments  are  normally  such  as  to 
give  a  5-degree  hunt  on  each  side  of 
the  compass  course  at  a  rate  of  ap¬ 
proximately  100  to  115  complete 
cycles  per  minute. 

The  hunting  action  eliminates 
back-lash  in  the  flexible  shaft  and 
associated  gearing,  and  is  also  val¬ 
uable  in  connection  with  the  design 
of  the  plotting  unit. 

Sensitivity  of  the  thyratrons  is 
controlled  by  adjusting  the  200-ohm 
bias  rheostat.  Since  a  tube  will  fire 
on  zero  grid  bias,  if  the  resistance 
of  the  bias  rheostat  is  entirely  out 
of  the  circuit  the  tube  will  fire  re- 
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ing  table  geared  to  a  flexible  shaft  ing  mirrors  directly  back  into  the  ’  mounted  on  the  outside  of  the  light 
which  connects  the  compass  with  aperture  from  which  it  comes.  How-  housing  and  is  reflected  onto  the 
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the  plotting  unit. 

If  this  table  is  in  correct  align¬ 
ment  with  the  compass  card,  the 
light  is  reflected  by  the  north-fac- 


ever,  if  the  compass  card  is  de¬ 
flected  by  a  change  of  heading  of 
the  vehicle,  the  beam  of  light  strikes 
one  or  the  other  of  the  two  mirrors 


cathode  of  one  of  the  two  photo¬ 
tubes.  This  flres  the  related  thyra- 
tron,  which  energizes  one  of  the 
electromagnetically  operated  clutch 
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speed  of  the  system.  On  d-c  power, 
(uily  the  negative  element  of  the 
neon  lamp  glows.  As  shown  in  Fig. 
4,  this  indicator  lamp  is  connected 
so  that  a  l-jif  capacitor  discharges 
through  it  with  opposite  polarity 
as  the  polarities  of  the  two  thy- 
ratron  plates  alternate  in  the  hunt¬ 
ing  cycle.  Thus  one  cathode  of  the 
neon  lamp  represents  one  of  the 
thyratrons  and  its  electromagnet, 
and  the  other  cathode  represents 
the  other  combination.  Any  varia¬ 
tion  in  hunting  action  can  be  de¬ 
tected  by  observation  of  this  sig¬ 
nal  lamp. 

The  signal  box  ‘also  contain  an 
incandescent  lamp  which  comes  on 
to  signal  the  approach  of  the  trac¬ 
ing  pencil  to  the  margin  of  the  plot¬ 
ting  table.  Other  lights  are  pro¬ 
vided  for  illuminating  the  map  ta¬ 
ble,  and  can  be  controlled  in  bril¬ 
liance  by  a  dimmer  resistance  to 
provide  operation  on  a  brightly 
lighted  street  or,  at  the  other  ex¬ 
treme,  in  complete  darkness  where 
light  must  not  be  visible  from  the 
air. 

Power  for  the  recording  odo- 
graph  is  obtained  from  the  storage 
battery  of  the  vehicle.  When  the 
main  switch  is  closed,  the  drive 
motor  in  the  plotting  unit  is  ener¬ 
gized  directly  by  the  battery.  A 
power  pack  relay  is  also  energized, 
connecting  the  vibrator  to  the  bat¬ 
tery.  Power  supply  switching  cir¬ 


cuits  are  omitted  from  Fig.  4,  for 
simplicity. 

Two  voltage  regulators  are  incor¬ 
porated  in  the  power  pack.  A 
VR106  regulator  tube  keeps  photo¬ 
tube  anode  voltages  constant  at  ap¬ 
proximately  105  volts  despite  bat¬ 
tery  voltage  variations  from  6  volts 
up  to  8  volts.  A  resonant-type 
transformer  in  series  with  a  satu¬ 
rated  reactor  holds  the  voltage  of 
the  light  source  and  the  thyratron 
heaters  constant  at  6.8  volts. 

Tk*  Plotting  Uait 

The  plotting  unit  shown  in  Fig.  5 
has  four  functional  purposes:  To 
draw  a  map  showing  the  course 
taken  by  the  vehicle  in  which  it  has 
been  installed,  to  register  on  count¬ 
ers  the  distances  traveled  by  the 
vehicle,  to  actuate  the  azimuth  dial 
indicator  to  show  the  direction  the 
vehicle  is  traveling  at  a  given  in¬ 
stant,  and  to  actuate  the  compass 
drive  shaft  for  rotation  of  the  com¬ 
pass  table. 

To  achieve  these  purposes,  the 
plotting  unit  must  combine  the  in¬ 
formation  given  by  the  odometer 
(the  speedometer  drive  from  the 
vehicle  transmission)  and  by  the 
compass  in  such  a  way  that  the 
motion  is  separated  into  north- 
south  and  east-west  components.  In 
other  words,  the  plotting  unit  must 
p^orm  the  mathematical  opera¬ 
tion  of  integrating  the  components 


of  5  sin  a  and  S  cos  a,  where  S  is 
the  distance  traveled  and  a  is  the 
angle  of  azimuth  or  heading  with 
respect  to  the  reference  direction — 
usually  north — ^maintained  by  the 
conu)ass.  This  operation  is  achieved 
by  means  of  a  sine-disk  and  two 
Scotch  yokes  controlling  an  elabor¬ 
ate  transmission  and  gear  train  ar¬ 
rangement  serving  to  couple  the 
distance  input  from  the  speedom¬ 
eter  drive  to  the  two  lead  screws 
controlling  the  movement  of  the 
pencil  on  the  map  table. 

Alongside  the  map  table  on  the 
plotting  unit  is  a  dial  or  azimuth  in¬ 
dicator  which  repeats  the  reading 
of  the  completely  enclosed  and  re¬ 
motely  located  compass.  Also  on  the 
plotting  unit  are  counter  dials  that 
algebraically  add  up  the  two  com¬ 
ponents  of  motion.  These  are  cali¬ 
brated  in  miles  to  give  the  total  dis¬ 
tance  north  or  south  and  east  or 
west  of  the  starting  point  at  which 
they  were  set  at  zero.  Another  set 
of  dials  is  used  to  give  the  total  dis¬ 
tance  travelled  by  the  vehicle. 

The  scale  of  the  map  produced 
ranges  from  1:20,000  to  1:500,000, 
depending  on  which  of  the  available 
gear  ratios  is  selected. 

The  compass  is  installed  far 
enough  away  from  the  generator  and 
other  electrical  equipment  and  wir¬ 
ing  of  the  vehicle  so  that  magnetic 
deviation  due  to  these  sources  is 
eliminated.  However,  it  is  neces¬ 
sary  that  auxiliary  units  such  as 
radios  installed  near  the  compass 
be  double-wired  from  the  battery 
instead  of  grounded  to  the  vehicle 
frame,  to  maintain  balanced  mag¬ 
netic  fields  which  cancel  each  other. 

In  a  vehicle  containing  an  odo- 
graph,  standard  magnetic  condi¬ 
tions  are  established.  There  art 
fixed  positions  for  all  tools,  metal 
containers,  and  other  metal  objects 
usually  carried  in  the  vehicle  and 
armament,  and  loose  metal  objects 
must  be  kept  at  least  three  feet 
away  from  the  compass.  Parking 
of  the  vehicle  for  a  period  as  long  as 
overnight  requires  that  it  be  kept 
15  feet  away  from  other  vehicles  or 
else  excessive  changes  in  magne¬ 
tism  will  result,  and  any  changes 
such  as  removing  the  top  or  the 
spare  tire  make  it  necessary  to  re¬ 
check  the  compensation. 

Checking  of  the  compensation  of 
the  odograph  is  done  by  driving  the 


Power  pack  unit,  containing  Toltogo  rogulotors.  a  typo  6X5  roctifior,  power  trons- 
ionnor,  Tibrotor,  and  reactors.  Note  rigid  clomp  lot  tire  pump.  All  moYoble  mag¬ 
netic  objects  must  be  in  iixed  positions  during  operotion  of  the  odograph 
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vehicle  approximately  north  by  the 
azimuth  dial  for  a  distance  of  2  mile 
or  more.  The  vehicle  is  then  turned 
around  and  driven  back  over  the  ex¬ 
act  route  to  the  starting  point.  A 
compensator  adjusting  wheel  is 
then  turned  to  rotate  the  azimuth 
dial  through  half  as  many  degrees 
as  the  angle  between  the  north-  and 
south-drawn  traces.  This  proce¬ 
dure  is  then  repeated  on  an  east- 
west  heading.  When  the  compensa¬ 
tion  is  correct,  the  plotting  unit 
will  exactly  retrace  its  path  on  a 
north-south  run  and  an  east-west 
run. 

SearcM  of  iaaccoraey 

In  use,  the  odograph  is  subject  to 
distance  error,  direction  error,  and 
slope  distance  error.  The  first  of 
these,  distance  error,  will  be  at  a 
minimum  when  the  vehicle  is  oper¬ 
ated  on  a  hard  surface  with  stand¬ 
ard  tires  at  the  recommended  air 
pressure.  Changes  in  size  of  tires 
or  operations  on  loose  or  rough  sur¬ 
faces  introduce  factors  which  re¬ 
duce  the  accuracy  of  the  unit  Whep 
a  vehicle  becomes  stuck  in  sand  or 
mud,  the  wheels  may  spin  consider¬ 
ably  before  the  vehicle  gets  out  In 
such  a  case  the  practice  is  to  turn 
off  the  unit  until  the  vehicle  is  free. 
The  distance  input  error  may 
amount  to  as  much  as  two  percent 
under  bad  conditions  of  weather  or 
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terrain  which  cause  an  unusual 
amount  of  slippage. 

Constant  errors,  such  as  those 
brought  about  by  changes  in  tire 
sizes  or  pressures,  are  taken  care  of 
by  a  correction  factor  which  is  cal¬ 
culated  by  the  average  of  a  number 
of  trial  runs  over  accurately  meas¬ 
ured  distances.  After  that,  opera¬ 
tions  performed  with  the  odograph 
are  modified  by  the  previously  es¬ 
tablished  correction  factor  l^ing 
set  in  permanently  as  a  scale  change. 

Direction  errors  are  those  caused 
by  deviation  from  standard  mag¬ 
netic  conditions  in  the  vehicle,  or 
by  errors  in  compensation.  Their 
correction  is  accomplished  with  ap¬ 
propriate  compensators  like  those 
used  on  ship  compasses.  Slope-dis¬ 
tance  error  is  the  difference  be¬ 
tween  the  actual  distance  traveled 
over  the  ground  and  the  distance  in¬ 
dicated  by  that  projection  on  the 
map.  In  terrain  with  a  great  many 
hills,  the  odograph  will  show  a 
slightly  greater  distance  than  the 
mileage  scaled  from  the  map.  Un¬ 
less  an  unusual  series  of  up  and 
down  grades  is  involved,  the  error 
is  small. 

Overall  accuracy  on  paved,  un¬ 
paved,  straight  or  crooked  roads 
can  be  kept  to  one  mile  of  error 
over  50  to  150  miles  of  travel.  Over 
rough  terrain,  the  error  may  be 
twice  as  great.  Overall  error  is  com¬ 


puted  by  running  a  closed  course 
and  observing  the  distance  by  which 
the  trace  fails  to  return  to  the  start¬ 
ing  point. 

FnHire  Uf«t 

As  a  rapid  means  of  surveying 
unfamiliar  territory  for  the  pur¬ 
pose  of  making  maps,  locating  most 
favorable  highway  or  rail  routes,  or 
simply  traveling  to  a  desired  destin¬ 
ation  without  the  aid  of  landmarks, 
the  odograph  offers  many  postrwar 
commercial  and  governmental  ap¬ 
plications.  Examples  are  for  sur¬ 
vey,  mineral  exploration  or  rescue 
work  in  sparsely  populated  terri¬ 
tory,  charting  of  possible  oil-pro¬ 
ducing  sites  in  the  desserts,  and  ex¬ 
ploring  polar  wastes  with  odograph- 
equipped  vehicles. 

Aeluiowl«dg*n«Htt 

Research  and  development  work 
on  the  odograph  was  carried  out  by 
three  agencies :  The  Department  of 
Terrestial  Magnetism  of  Carnegie 
Institute  in  Washington,  the  Mon¬ 
roe  Calculating  Machine  Co.  of  Or¬ 
ange,  N.  J.,  and  the  International 
Business  Machines  Corp.  of  Endi- 
cott,  N.  Y.  The  work  was  directed 
and  coordinated  by  the  War  Depart¬ 
ment,  The  Office,  Chief  of  Engi¬ 
neers,  Engineer  Board,  Ft.  Belvoir, 
Va.  and  the  National  Defense  Re¬ 
search  Committee. 
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Um  of  odograph  to  plot  on  crou-soction  papor  a  longh  map 
from  which  obsorrod  londmarki  or  onomy  positions  eon  bs 
dstsrminsd 


Uss  of  odograph  with  accnrotsly  dstoUsd  mop.  to  roach  a 
glTsn  obioctlTO  by  trorsling  in  its  gsnsral  direction  as  neces¬ 
sity  dictates 


Klystron  Oscillators 


Operation  of  velocity-modulation  osciUators  is  explained  by  correlating  the  theory  of 
electron  hunching  with  the  performance  of  two  coupled  tuned  circuits.  Effects  of  reson¬ 
ator  tuning,  feedback  and  electrode  voltages  are  analyzed  and  compared  with  experi¬ 
mental  results  obtained  with  a  type  410-R/2K30  tube.  Similarity  to  triodes  is  shown 


By  A.  E.  lARRISON 

Sperry  OyroaeoM  Company,  Ine. 
Research  Laboratories 
Oardem  City,  New  York 


Tjpa  410^2X30  IlTctroB  ia  tuning  mount  showing  coaxial  foodback  loop, 
cooxlol  output  connoctors,  and  cooUng  fins 


That  Klystron*  oscillators  and 
other  velocity  -  modulation 
tubes  utilize  electron  transit-time 
effects  to  convert  an  electron  beam 
into  radio-frequency  energy  intro¬ 
duces  certain  characteristics  which 
will  undoubtedly  be  of  interest  to 
radio  engineers.  This  dependence 
upon  transit  time  in  a  Klystron 


*  Bcsistered  Trademark  ot  the  Sperry 
OyroBCope  Company,  Inc. 


oscillator  causes  the  frequency  of 
such  tubes  to  be  affected  by  the 
voltage  applied  to  the  tube.  An¬ 
other  equally  important  character¬ 
istic  which  is  due  to  the  dependence 
upon  the  transit  time  is  the  occur¬ 
rence  of  voltage  modes,  i.e.,  a  Klys¬ 
tron  oscillator  will  operate  at  cer¬ 
tain  voltages  for  a  given  adjustment 
of  the  other  variables,  but  is  in¬ 
operative  in  the  voltage  region  be- 


A  brief  review  of  the  principle  of 
electron  bunching  will  be  made  in 
order  to  compare  the  characteristics 
of  velocity-modulation  tubes  with 
the  plate  current  characteristics  of 
more  conventional  vacuum  tubes. 
The  results  from  an  analysis  of 
coupled  tuned  circuits  can  then  be 
combined  with  the  tube  character 
istics  obtained  from  the  electron 
bunching  theory  to  explain  the  be- 
IBtvior  of  Klystron  oscillators  as  ad 
justments  are  made  of  the  tuning 
of  the  resonators,  or  as  the  voltage 
applied  to  the  tube  is  varied.  The 
effect  of  the  phase  and  the  magni¬ 
tude  of  the  feedback  will  also  be 
considered,  and  the  theoretical  con¬ 
clusions  will  be  compared  with  ex¬ 
perimental  results  obtained  from 


tween  these  modes.'  In  other 
respects  these  newer  types  of  tubes 
are  quite  similar  to  the  more  fa¬ 
miliar  triode  oscillators,  and  it  will 
be  convenient  to  use  these  compari¬ 
sons  in  an  explanation  of  the  char¬ 
acteristics  described  above. 


Review  of  Baechhig  Theory 


100 
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FIG.  1 — S«c1ional  tIcw  oi  th*  doublc-rMonotor  Klystron  oi  tho 
typo  discusssd  in  tbo  toxt 


Cutaway  photograph  oi  tho  intorior  of  tho  410-R/2K30  Klystron. 
Tho  oloctron  gun  proiocts  partly  into  the  standord  octal  base 


the  operation  of  a  type  410-R/2K30 
Klystron  used  as  an  oscillator. 

References  to  the  theory  of  elec¬ 
tron  bunching  have  appeared  in  a 
number  of  publications*  *.  A  short 
review  of  this  material  will  aid  in 
the  understanding  of  velocity-modu¬ 
lation  tubes. 

The  sectional  view  of  one  type 
of  Klystron  which  is  shown  in  Fig. 
1  will  be  used  to  explain  the  theory 
of  electron  bunching.  The  tube  is  a 
figure  of  revolution  about  the  axis 
AA.  An  electron  gun  furnishes  a 
beam  of  electrons  which  are  acceler¬ 
ated  in  the  space  between  the  cath¬ 
ode  and  the  accelerating  grid.  The 
beam  continues  to  move  beyond  this 
grid  with  a  high  average  velocity, 
and  therefore  the  transit  time  of 
the  electrons  past  the  resonator 
grids  corresponds  to  a  small  frac¬ 
tion  of  a  cycle.  The  fact  that  the 
electrons  are  accelerated  to  a  high 
velocity  before  being  acted  upon  by 
a  radio-frequency  field  overcomes 
one  of  the  disadvantages  of  triodes 
at  ultrahigh  frequencies. 

A  radio-frequency  field  in  the 
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buncher  resonator  produces  an  al¬ 
ternating  electric  field  between  the 
buncher  grids.  This  field  will  speed 
up  certain  electrons  and  slow  down 
other  electrons  which  paSS  the 
buncher  grids  during  a  different 
part  of  the  cycle.  Consider  a  group 
of  electrons  which  pass  the  buncher 
grids  at  the  time  when  the  field  is 
changing  from  a  retarding  field  to 
an  accelerating  field.  An  electron 
which  leaves  early  in  the  cycle  will 
be  slowed  down  and  will  continue 
along  the  drift  space  with  less  than 
average  velocity.  An  electron  which 
passes  the  grids  when  the  field  is 
zero  will  not  be  affected  and  will 
continue  with  average  velocity. 
Other  electrons  which  leave  later  in 
the  cycle  will  be  accelerated  and 
will  move  along  the  drift  space  with 
greater-than-average  velocity.  The 
variation  of  velocity  will  be  small 
compared  to  the  average  velocity. 

As  a  result  of  this  velocity  modu¬ 
lation,  electrons  which  leave  later 
in  the  cycle  travel  faster  and  over¬ 
take  the  slower  electrons  which  left 
earlier  in  the  cycle.  The  electron 


beam  is  given  an  alternating  com¬ 
ponent  of  its  electron  density  as  it 
travels  along  the  drift  space.  This 
conversion  process  requires  time;  a 
transit  time  in  the  drift  space  cor¬ 
responding  to  several  cycles  is  typi¬ 
cal.  This  transit  time  is  quite  im¬ 
portant  in  the  analysis  of  a  Klys¬ 
tron  oscillator,  and  the  number  of 
cycles  corresponding  to  the  transit 
time  in  the' drift  space  vdll  be  desig¬ 
nated  by  N.  The  electron  bunches 
center  around  those  electrons  hav¬ 
ing  average  velocity,  and  therefore 
the  value  of  N  is  determined  by  the 
average  velocity.  The  following  re¬ 
lations  between  the  frequency  /, 
drift  distance  s,  transit  time  T, 
transit  angle  t,  average  velocity  Vm 
and  the  acceleration  voltage  E,  will 
be  used  frequently. 

AT  -  r/2w  (1) 

(U) 

The  average  velocity  is  related  to 
the  acceleration  voltage  by 

m 

where  e  and  w  are  the  charge  and 
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mass  of  an  electron.  Therefore  Eq. 
(la)  can  be  rewritten 


The  degree  of  bunching  is  di¬ 
rectly  proportional  to  the  transit 
‘time  in  the  drift  space  and  is  also 
proportional  to  E^,  the  peak  radio¬ 
frequency  •  voltage  between  the 
buncher  grids.  will  also  be  re¬ 
ferred  to  as  the  buncher  voltage. 
The  degree  of  bunching  is  expressed 
by  a  bunching  parameter  which  will 
be  designated  x,  whose  value  is 
given  by 

*  -  wN^  (8) 

which  with  Eq.  (lb)  gives 


^  ^  >/> 


8e 


The  radio-frequency  component 
of  the  bunched  beam  current,  fre¬ 
quently  called  the  catcher  current, 
will  be  designated  t.  and  is  related 
to  the  bunching  parameter  by  the 
expression 

i,  -  2/*f,(*),  (4) 

where  /« is  the  d-c  beam  current  and 
Jt  is  a  Bessel  function  of  the  first 
order  and  first  kind.  This  relation 
is  illustrated  by  Fig.  2.  The  curve 
will  be  recognized  as  the  Klystron 
bunching  characteristic  which  has 
been  described  frequently.**  ‘  This 
curve  may  be  considered  analogous 
to  an  I,  vs.  E,  characteristic  for  a 
conventional  vacuum  tube  where 
relative  catcher  current  corresponds 
to  I,  and  the  bunching  parameter 
corresponds  to  E„  although  it  dif¬ 
fers  in  appearance  because  the  out¬ 


put  reaches  a  maximum  at  a  bunch¬ 
ing  parameter  of  1.84,  and  then  de¬ 
creases  as  the  bunching  parameter 
increases.  Underbunching  refers  to 
values  of  less  than  1.84,  usually 
very  small  values,  and  the  term 
overbunching  is  used  to  describe  the 
conditions  when  the  bunching  par¬ 
ameter  is  greater  than  this  opti¬ 
mum  value.  * 

Phase  RalotloHS  ia  a  Klystrea  Oscillator 

These  principles  of  electron 
bunching  will  now  be  applied  to 
the  analysis  of  a  Klystron  oscillator. 
Any  amplifier  will  oscillate  if  the 
gain  of  the  tube  is  greater  than  un¬ 
ity  and  sufficient  energy  to  over¬ 
come  tube  losses  is  returned  from 
the  output  to  the  input  in  the 
proper  phase. 

An  equivalent  circuit  for  a  Kly¬ 
stron  oscillator  is  shown  in  Fig.  8. 
A  multiple-grid  tube  is  shown  to 
emphasize  the  fact  that  only  elec¬ 
tron  coupling  exists  between  the 
elements  of  this  type  of  velocity- 
modulation  tube.  The  input  and 
output  circuits  are  completely  iso¬ 
lated  unless  a  means  of  feedback  is 
supplied.  The  voltage  between  the 
grids  of  the  buncher  resonator  is 
El  and  this  voltage  is  also  indicated 
as  the  voltage  across  the  input  cir¬ 
cuit  of  the  equivalent  diagram.  A 
voltage  Et  is  shown  across  the  out¬ 
put  circuit,  and  represents  the  volt¬ 
age  between  the  grids  of  the  catcher 
resonator. 

A  current  i,  is  shown  flowing  into 
the  output  circuit.  This  current 
represents  the  radio-frequency  com¬ 
ponent  of  the  bunched  beam  cur¬ 
rent,  and  is  related  to  the  innut 
voltage  El  by  Eq.  (3)  and  (4).  A 


four-terminal  network  is  used  to 
represent  t,  the  transit-time  phase- 
angle.  A  means  of  feedback  is  in¬ 
dicated  as  a  link  circuit  between  the 
output  and  input  circuits,  and  an 
output  load  is  also  coupled  to  the 
circuit. 

Oscillation  will  occur  when  the 
sum  of  the  phase  angles  around 
the  complete  loop  is  equal  to  some 
integral  number  times  2x  radians, 
provided  the  magnitude  of  the  feed¬ 
back  is  sufficient  to  maintain  oscil¬ 
lation.  J.  R.  Ragazzini  has  sug¬ 
gested  the  diagram  in  Fig.  4  to  il¬ 
lustrate  these  phase  angles  and  the 
relations  between  them.  The  elec¬ 
trons  which  passed  the  buncher 
grids  at  zero  phase  (i.e.,  when  E, 
was  zero  and  changing  from  deceler¬ 
ation  to  acceleration)  become  the 
center  of  the  bunch.  These  elec¬ 
trons  correspond  to  a  maximum 
value  of  the  electron  current  and 
arrive  at  the  catcher  grids  after  a 
phase  delay  equal  to  t.  This  phase 
delay  corresponds  to  slightly  less 
than  cycles  in  Fig.  4  and  is  in¬ 
dicated  by  an  oblique  line  connect¬ 
ing  the  zero  axes  of  the  Ei  and  it 
curves. 

In  order  to  transfer  maximum 
energy  to  the  resonator  field,  the 
electrons  in  the  bunch  must  pass  the 
catcher  grids  when  the  resonator 
field  is  a  maximum  and  in  a  direc¬ 
tion  which  will  decelerate  the  elec¬ 
trons.  The  current  in  the  equiva¬ 
lent  circuit  must  be  in  phase  with 
the  voltage  if  maximum  power  is 
to  be  transferred.  This  means  that 
{(  is  a  minimum  when  the  electron 
current  is  a  maximum.  The  transit 
phase  angle  t  corresponds  to  the 
phase  between  a  zero  value  of  E, 
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FIG.  2 — ^DyBlron  bunching  char- 
aetarlstic  curr*.  analogous  to 
EfJp  cunro  of  ordinary  tubos 


FIG.  3 — ^EquiTolont  dreuit  for  a  Klystron  oscillator.  Tho  pontodo  Is  nsod  to 
tndicoto  that  only  oloctron  coupling  oxists  botwoon  input  ond  output  in  this 
Tsiocity-modulatod  txiho.  of  which  dis  410-R/2K30  is  o  typical  oxamplo 


and  a  negative  peak  of  i,  and  there¬ 
fore  the  phase  angle  between  Et 
and  ti,  introduced  by  the  transit 
time  and  bunching  considerations, 
is  equal  to  (t -H  ic/2).  « 

A  phase  angle  ^  between  t.  and 
the  catcher  voltage  E,  is  shown  be¬ 
cause  Et  need  not  be  in  phase  with 
it.  However,  this  phase  angle  is  not 
used  in  this  analysis  of  oscillator 
theory.  The  angle  0  represents  the 
phase  between  i,  and  E,,  introduced 
by  the  two  coupled  circuits.  The 
phase  r^ation  which  must  be  satis¬ 
fied  for  oscillation  can  be  written 

r  -H  t/2  +  ^  ™  2m  (5) 

where  n  must  be  an  integer.  The 
value  of  n  in  Fig.  4  is  3  cycles.  If  t 
is  changed  by  varying  the  accelera¬ 
tion  voltage,  a  corresponding  change 
in  must  occur. 

Ceapicd  CireaH  Theory 

An  analysis*  of  the  phase  rela¬ 
tions  in  two  tuned  coupled  circuits 
shows  that  will  change  if  the  fre¬ 
quency  of  oscillation  is  varied. 
These  conditions  explain  the  fact 
that  the  frequency  of  a  velocity- 
modulation  oscillator  varies  when 
the  acceleration  voltage  is  changed. 


in  order  to  maintain  the  necessary 
phase  relations. 

The  equivalent  circuit  in  Fig.  3 
shows  that  a  Klystron  oscillator 
may  be  considered  as  two  parallel 
resonant  coupled  circuits,  fed  by  a 
constant-current  source  t,.  The  anal¬ 
ysis  of  such  a  circuit  to  obtain  the 
phase  and  magnitude  of  the  voltage 
across  the  primary  and  secondary 
can  be  obtained,  with  some  slight 
modifications,  from  radio  engineer¬ 
ing  handbooks  and  other  sources.*'*'^ 
This  information  about  the  phase 
and  magnitude  of  the  feedback  can 
then  be  combined  with  the  bunch¬ 
ing  characteristic  of  a  Klystron 
tube,  as  illustrated  by  Fig.  2  and 
Eq.  (4),  to  obtain  a  prediction  of 
the  output  characteristics  of  a  Kly¬ 
stron  oscillator  as  the  acceleration 
voltage  is  varied. 

Certain  assumptions  will  be  made 
to  simplify  the  analysis.  The  reso¬ 
nant  frequencies  of  both  circuits 
will  be  considered  identical ;  this  as¬ 
sumption  will  make  the  character¬ 
istics  symmetrical  with  respect  to 
frequency.  A  feedback  line  of  zero 
length  will  be  assumed  so  that  the 
analysis  for  lumped  constant  cir¬ 
cuits  at  low  frequencies  can  be  used. 


The  Q  of  the  two  circuits  will  not 
be  equal  because  one  circuit  has 
been  loaded.  The  Q  of  the  output 
circuit  in  Fig.  3,  which  corres¬ 
ponds  to  the  primary  of  the  two 
coupled  circuits,  will  be  considered 
half  as  great  as  the  Q  of  the  input 
circuit,  which  corresponds  to  the 
secondary.  Calculations  will  be  car¬ 
ried  out  for  two  degrees  of  coup¬ 
ling  between  the  two  circuits.  In 
one  case  the  coupling  will  be  as¬ 
sumed  five  times  greater  than  the 
value  for  critical  coupling,  and  crit¬ 
ical  coupling  will  be  assumed  for 
the  second  case. 

Curves  of  primary  and  secondary 
voltage  as  a  function  of  frequency 
are  usually  given  in  the  reference 
texts®.  The  curves  in  Fig.  5  will  be 
recognized  as  typical  illustrations 
of  these  characteristics  for  two 
coupled  tuned  circuits.  Ratios  of 
Ej/it  and  Et/U  are  plotted  so  that 
unit  coordinates  may  be  used,  and 
the  maximum  ratio  of  EJit  is 
indicated  by  a  value  of  un¬ 
ity.  Increasing  the  value  of  t.  will 
increase  the  value  of  voltage  across 
the  circuit  but  will  not  affect  the 
ratio.  The  phase  relation  between 
it,  the  constant-current  source  in 


FIG.  4 — PboM  rslotions  in  a  Dystron  oacillator.  Th«  phas*  chong*  irom 
boncher  to  cotchor  along  tho  eloctron  beam  drilt  it  repretented  by  Toctor  A. 
The  phase  shift  between  the  bunched  electron  stream  and  the  catcher  resonator* 
Bold  current  component  it  repretented  by  vector  B.  The  phase  shift  due  to  the 
coupling  irom  the  catcher  to  the  buncher  is  repretented  by  vector  C.  The 
transit-time  phase-angle  is  represented  by  the  angle  r 


FIG.  5 — Phase  and  voltage  relations  in  coupled  dr* 
cults  where  the  primary  Q  is  half  the  secondary  Q. 
The  over-coupling  condition  is  for  five  times  critical 
coupling.  The  phase  angle  at  the  top  of  the  graph 
is  that  between  primary  (catcher)  current  and  seo' 
ondory  (buncher)  voltage 
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the  analysis,  imd  secondary  voltage  output  characteristics  in  Fig.  7. 
El  is  also  shown  as  a  function  of  Frequency  curves  have  been  trans¬ 
frequency.  ferred  directly  to  the  correspond- 

The  form  of  the  curves  in  Fig.  6  ing  figures,  for  the  values  of  ac- 
is  not  ideally  suited  to  the  analysis  celeration  voltage  which  permit 
of  a  Kl3r8tron  oscillator  where  the  oscillation, 
frequency  is  dependent  upon  the 
beam  voltage  as  well  as  upon  the 
tuning.  To  examine  the  behavior  of 
such  an  oscillator  as  the  accelera¬ 
tion  voltage  is  changed,  it  will  be 
convenient  to  replot  the  fr^uency 
as  a  function  of  voltage.  This  step 
is  illustrated  by  the  frequency  vs. 
voltage  curves  in  Fig.  6,  which  cor¬ 
respond  to  Fig.  6. 

The  previous  discussion  has  con¬ 
cerned  only  the  coupled  circuit 
theory.  It  is  necessary  to  relate 
these  results  to  the  bunching  char¬ 
acteristic  of  a  Klystron  tube,  shown 
in  Fig.  2,  in  order  to  complete  the 
analysis  and  obtain  the  power  out¬ 
put  curves  shown  in  Fig.  7. 

The  Klystron  oscillator  charac-  which  is  obtained  by  equating  Eq. 
teristic  illustrated  by  Fig.  8,  which  (1)  and  (lb).  The  percent  change 
has  been  obtained  by  modifying  the  in  frequency  is  small,  and  therefore 
presentation  of  the  information  in  all  factors  except  E,  may  be  lumped 
Fig.  2,  has  been  used  to  convert  into  a  single  constant  Correspond- 
the  data  ip  Fig.  6  into  the  Klystron  ing  values  of  <f>  are  obtained  by  sub¬ 


stituting  the  values  of  t  into  Eq. 
(6).  These  values  of  <f>  are  used  to 
determine  the  frequency  which  cor- 
resppnds  to  the  acceleration  voltage 
chosen  for  the  tabulation.  Then 
these  data  are  replotted  to  give  the 
frequency  curves  in  Fig.  6,  and  the 
values  of  F,/t,  and  Et/i,  are  trans¬ 
ferred  from  Fig.  5  to  Fig.  6,  using 
this  f-vB.-E  characteristic. 

The  necessary  correlation  be¬ 
tween  the  feedback  circuit  and  the 
bunching  characteristic  of  a  Kly¬ 
stron  tube  (see  Fig.  2),  can  be  ob¬ 
tained  by  evaluating  Ei/i,  in  terms 
of  the  bunching  parameter  defined 
by  Eq.  (3)  and  (4).  Equation  (3), 
which  relates  E,  and  the  bunching 
^parameter  x,  can  be  rewritten 

Bi  «  E^ItN  (7) 

Substitution  of  Eq.  (7)  and  (4) 
in  the  ratio  Ei/i,  gives 


Oscillofer  ChoraeterUtlci 

Calculations  for  the  procedure 
described  briefiy  in  the  preceding 
paragraph  are  quite  simple,  and  the 
steps  will  be  outlined  in  detail.  The 
relation  between  voltage  and  fre¬ 
quency  is  obtained  by  evaluating  t 
in  terms  of  E^  the  acceleration  volt¬ 
age,  and  correlating  the  values  of  t 
with  values  of  <f>  in  Fig.  6.  Separ¬ 
ate  calculations  must  be  made  for 
each  value  of  coupling.  Values  of  t 
for  chosen  values  of  E,  are  tabu¬ 
lated  from 

2t/« 


it  TNh2Ji{x) 

The  ratio  E^/h  may  be  replaced  by 
which  is  known  as  the  beam  re¬ 
sistance  of  the  tube.  Equation  (8) 
can  be  rewritten 

*  tNI,  El  tNBi 
2Ji{x)~  Bo  Roit 


FIG.  7 — ^Toldng  th*  pow«r  output  os  proportional  to  tho  cxrtcher 
Toltogo  iquorodL  thoM  cuttm  or*  obtained  from  the  cnrres  of 
Fig.  6.  Note  the  linearity  between  frequency  deviation  and 
accelerating  voltage  for  the  critical  coupling  condition 


FIG.  S — These  corvee  ore  for  the  some  condittone  os  in  Fig.  5 
hot  ore  plotted  agoinet  occelerohng  voltage,  whidi  is  related 
lo  frequency  by  Eq.  (5)  and  (6).  The  upper  corves  give  die 
relative  frequency  deviation  vs.  accelerating  voltage 
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These  equations  furnish  the  cor¬ 
relation  between  the  feedback  cir¬ 
cuit  characteristic  which  deter¬ 
mines  El/it,  and  a  modification  of 
the  bunching  parameter. 

The  significance  of  the  factor 
r/2/i(a;)  can  be  illustrated  by  refer¬ 
ence  to  Fig.  2.  This  factor  is  merely 
another  form  of  bunching  param¬ 
eter.  Any  line  from  the  origin  with 
a  slope  less  than  unity  will  intersect 
the  curve  at  some  point  other  than 
zero  and  less  than  x  —  3,83,  where 
the  Klystron  output  again  becomes 
zero.  A  line  with  a  slope  of  0.5  is 

I  shown,  and  this  line  intersects  the 
curve  at  a  point  somewhat  beyond 
the  maximum.  Another  line  with  a 
slope  of  unity  is  tangent  to  the 
I  curve  at  the  origin.  This  line  does 
not  intersect  the  curve,  and  repre¬ 
sents  the  conditions  when  oscilla¬ 
tions  start.  This  starting-character¬ 
istic  line  with  a  slope  of  unity  cor¬ 
responds  to  a  unity  value  z/2J,(x). 
Lines  with  slopes  less  than  unity 
correspond  to  values  of  x/2J,(x) 
greater  than  unity,  since  the 
slope  of  a  line  is  equal  to  the  re¬ 
ciprocal  of  x/2/,(x). 

Each  point  on  the  curve  in  Fig.  2 
corresponds  to  some  operating  con¬ 
dition  for  a  Klystron  oscillator.  It 
will  be  convenient  to  replot  27i(x), 
which  is  proportional  to  t*,  as  a 
function  of  x/2/i(x).  This  modifi¬ 
cation  of  the  bunching  character¬ 
istic  makes  it  possible  to  obtain  the 
value  of  it  from  a  value  of  Ex/it, 
since  Eq.  (9)  shows  that  x/2Ji(x) 
is  proportional  to  Ex/U.  Figure  8 
shows  such  a  characteristic,  and 
has  been  obtained  by  plotting  the 
ordinate  of  a  point  on  the  curve  in 
Fig.  2  as  a  function  of  the  recipro¬ 
cal  of  the  slope  of  a  line  drawn  from 
the  origin  to  that  point  on  the  curve. 
The  curve  in  FMg.  8  is  used  to  ob¬ 
tain  the  value  of  E,  from  the  infor¬ 
mation  in  Fig.  6. 

Figure  8  is  used  to  obtain  data 
for  the  curves  of  power  output  vs. 
acceleration  voltage  in  Fig.  7  in  the 
following  manner.  Typical  operat¬ 
ing  conditions  would  determine  the 
starting  conditions  for  the  Klystron 
oscillator.  We  will  assume  that 
El /to  equal  to  0,4  corresponds  to 
these  starting  conditions.  For  this 
assumption,  Eq.  (9)  can  be  rewrit¬ 
ten 

x/2Jx(x)  =  2.bEi/U  (10) 


The  dash  lines  in  Fig.  6  repre¬ 
sent  the  starting  conditions  for  the 
Klystron  oscillator.  The  accelera¬ 
tion  voltage  .corresponding  to  the 
intersection  of  the  dash  line  and  the 
A'l/ti  curve  in  Fig.  6  is  noted.  The 
output  for  this  value  of  accelera¬ 
tion  voltage  is  zero.  A  higher  value 
of  El/it  for  a  different  acceleration 
voltage  is  substituted  in  Eq.  (10) 
to  obtain  the  value  of  x/2/j(x),  and 
a  corresponding  value  of  2Ji(x)  is 
determined  from. Fig.  8. 

The  beam  current  7#  is  computed 
from  the  3/2  power  law  and  the  ac¬ 
celeration  voltage.  The  value  of  t« 
is  then  obtained  by  substitution  of 
/•  and  2/i(x)  in  Eq.  (4).  Et  is  cal¬ 
culated  from  i,  and  the  value  of 
Et/it  from  Fig.  6  corresponding  to 


FIG.  8 — A  chcmg*  of  obscina  converta 
tho  bunching  choracteriatlc  of  Fig.  2  to 
this  moro  convonient  ionn 


the  acceleration  voltage  which  was 
chosen.  The  power  output  is 'pro¬ 
portional  to  the  square  of  E,  and  is 
plotted  as  such  in  Fig.  7.  The  fre¬ 
quency  curve  is  transferred  directly 
from  Fig.  6  to  Fig.  7. 

The  two  sets  of  theoretical  output 
curves  in  Fig.  7  are  typical  of  two 
different  types  of  Klystron  oscil¬ 
lators.  The  curves  for  five  times 
critical  coupling  represent  a  tightly 
coupled  oscillator  and  exhibit  the 
familiar  pair  of  voltage  modes. 
The  maxima  of  the  two  modes  occur 
when  the  frequency  has  values  cor¬ 
responding  approximately  to  <^  =  0 
and  <^  =  It  in  Fig.  6.  If  these  values 
of  <f>  are  substituted  in  Eq.  (6),  the 
value  of  T  is  given  by 

rie2T(n±l/4)  (11) 

Equation  (11)  is  often  stated  in  the 
form,  “The  number  of  cycles  of  os¬ 
cillation  during  the  transit  of  an 
electron  from  the  buncher  to  the 
catcher  is  an  integer  plus  or  minus 
one  quarter."  It  should  be  noted 
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that  this  statement  is  a  special  case 
which  does  not  apply  to  all  Klystron 
designs. 

The  more  loosely  coupled  oscil¬ 
lator  illustrated  by  the  critical  coup¬ 
ling  curves  of  Fig.  7  has  the  two 
modes  merged  into  continuous  out¬ 
put.  The  latter  characteristic  is 
typical  of  the  tjrpe  410-R/2K30 
Klystron  oscillator,  and  differs  from 
overcoupled  tjrpes  which  exhibit  two 
separate  families  of  voltage  modes, 

Comparise*  of  Exp«riiii«atol  RMalts 
with  Theory 

Experimental  curves  for  a  num¬ 
ber  of  voltage  modes  in  a  type 
410-R/2K30  Klystron  oscillator  ^are 
shown  in  Fig.  9  and  10.  These 
curves  were  obtained  by  a  dynamic 
method  which  eliminated  tuning 
changes  due  to  thermal  variations 
caused  by  changing  the  power  input 
to  the  tube.  The  similarity  of  Fig. 
9  to  the  theoretical  curve  in  Fig.  7 
for  critical  coupling  indicates  that 
the  assumptions  used  in  obtaining 
the  theoretical  curve  are  reasonably 
good.  The  equal  height  of  the  two 
peaks  of  each  mode  in  Fig.  9  was 
obtained  by  purposely  detuning  the 
tube  to  produce  the  fiattest  charac¬ 
teristic,  and  does  not  represent  a 
deviation  from  theory.  Detuning 
the  tube  in  the  opposite  direction 
emphasizes  the  higher  voltage  peak 
and  produces  maximum  power  out¬ 
put  and  efficiency.  This  effect  is  il¬ 
lustrated  by  Fig.  10. 

Note  that  the  frequency  devia¬ 
tion  characteristic  in  Fig.  9  is  al¬ 
most  linear  with  accelerating  volt¬ 
age  over  the  useful  range  of  output. 
This  characteristic  is  gained  by 
some  sacrifice  in  power.  ( (Compare 
with  Fig.  10).  Because  of  this,  the 
type  410-R/2K30  Klystron  is  quite 
useful  as  an  oscillator  in  frequency- 
modulation  circuits.  The  frequency 
modulation  is  obtained  by  varying 
the  acceleration  voltage.  However, 
considerable  modulation  power  is 
required. 

Effect  of  TeaiNg  the  Klystron 

The  effect  of  tuning  the  Klystron 
oscillator,  as  described  in  the  dis¬ 
cussion  of  the  output  characteris¬ 
tics  in  Fig.  9  and  10,  can  be  derived 
from  circuit  theory  but  the  details 
will  be  omitted.  Certain  important 
conclusions  can  be  obtained  from  a 
qualitative  analysis  of  the  over- 
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and  D,  which  represent  the  ratio  oy 
Eijit  required  for  optimum  bune'tW 
ing.  Increasing  the  ratio  of  E^/m 
above  the  optimum  value  does  not 
reduce  i,  very  rspidly,  since  t,  ii 
proportional  to  2/i  (x) ,  and  Fig.  j 
shows  that  this  factor  decreaset  * 
slowly  beyond  the  point  of  optimum 
bunching.  The  increased  E^i,  ratio 
allows  the  output  to  increase  in  the 
region  between  A  and  B,  also  in  the 
region  between  C  and  D.  CJorres- 
ponding  i)oints  have  been  marked 
on  Fig.  7  to  illustrate  this  effect. 

Any  deviation  from  identical  tun¬ 
ing  will  decrease  one  peak  in  the 
Ei/it  curve  when  the  losses  in  the 
two  resonators  are  unequal.  The 
other  peak  may  remain  approxi¬ 
mately  the  same,  or  it  may  increase 
slightly,  depending  upon  the  ratio 
of  the  losses  in  the  two  resonators. 
The  effect  of  detuning  the  buncher 
resonator  to  a  lower  frequency, 
leaving  the  catcher  resonator  tuned 
to  the  frequency  corresponding  to 
the  identical  tuning  represented  in 
Fig.  6,  is  illustrated  in  Fig.  11  for 
the  case  when  the  losses  in  the 
catcher  resonator  are  twice  as 
great  as  the  losses  in  the  buncher 
resonator.  Both  patterns  are  moved 
in  the  direction  of  lower  frequency 
and  the  patterns  are  no  longer  S3an- 
metrical.  The  higher-frequency 
peak  in  Ei/i,  is  reduced  and  the  cor¬ 
responding  peak  in  Et/i,  is  in¬ 
creased. 

As  a  result  of  the  detuning,  the 
degree  of  overbunching  in  the  high- 
frequency  mode  will  be  less  and  i, 
will  increase.  Since  E,/i,  has  also 
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Basic  Drstron  oselllotor  circuit,  showing  ths  •xtrsms  simplicity  of  tho  Toltags 
roquirsmonts.  LUra  cdl  oloctron  oscillators  ths  frsguoncy  is  aifsctsd  by  ths 
powsr  pock  Toltogs.  but  in  ths  coss  of  Uis  Klystron  ths  offset  is  large  (shown 
is  Fig.  9).  A  coaxial  transmission  Uns  dsliTsrs  ths  snsrgy  from  ths 

oscillator  to  ths  load,  which  is  on  antenna  in  cose 


coupled  case,  and  the  general  nature 
of  these  results  applies  equally  well 
to  the  behavior  of  the  tsrpe  410-R/ 
2E30  Klystron.  However,  electron 
bunching  theory  must  be  considered 
in  some  detail  before  returning  to  a 
discussion  of  the  effect  of  tuning. 

One  of  the  principal  factors  in 
the  explanation  of  Klystron  oscil¬ 
lator  power  output  characteristics 
is  introduced  by  the  variation  of 
the  radio-frequency  component  of 
the  bunched  beam  current,  as  the 
value  of  Ex  is  increased.  Figure  2 
and  Eq.  (3a)  and  (4)  illustrate  this 
variation  of  the  radio-frequency 
current  The  term  overbunching  is 
applied  when  the  current  is  de¬ 


creased  from  the  maximum  value 
because  the  voltage  Ex  is  too  great 
It  is  more  important  to  analyze 
overbunching  in  a  diagram  similar 
to  Fig.  8,  since  x/2Ji(x)  is  more 
useful  than  the  bunching  param¬ 
eter  X  in  analyzing  an  oscillator. 
Optimum  bunching  in  Fig.  8  cor¬ 
responds  to  the  maximum  in  the 
curve  when  x/27i(x)  is  equal  to 
1.69,  which  corresponds  to  a  value 
of  0.635  for  Ex/i^-  Larger  values 
of  Ex/i,  cause  overbunching. 

Overbunching  does  not  necessar¬ 
ily  reduce  the  output.  Note  in  Fig. 
6  that  the  ratio  EJU  is  increasing 
rapidly  at  the  acceleration  voltages 
corresponding  to  points  A,  B,  C, 


Relotive  Acceleration  Voltoge 
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FIG.  9 — ^Exp«rim*ntal  choractaristicB  for  410-R/2K30  Klyatroii 
oscillator  with  criticol  coupling.  The  tuning  was  odlusted  to 
giro  flat  output  Compare  these  curres  with  the  critical 
coupling  curres  of  Fig.  7 


FIG.  10 — ^By  adjusting  the  tuning,  the  output  con  be  mode  o 
maximum.  This  hos  been  done  to  obtain  these  experimental 
curres.  One  peok  is  occentuated  ot  the  sacrifice  of  the  other. 
Operation  is  more  critical  of  occelerating  roltage 
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been  increased  by  the  detuning,  the 
output  of  this  mode  will  increase 
considerably.  In  contrast,  the  over* 
bunching  remains  about  the  same  in 
the  lower-frequency  mode  but  the 
ratio  of  E^Jit  is  decreased,  and 
therefore  the  output  of  this  mode 
decreases  .  slowly.  However,  the 
ratio  of  EJi^  for  the  higher-fre¬ 
quency  mode  can  be  reduced  to  the 
value  corresponding  to  the  starting 
conditions  while  the  lower-fre¬ 
quency  peak  in  EJu  remains  greater 
than  this  value.  This  relation  means 
that  continued  '  detuning  of  the 
buncher  resonator  to  a  lower  fre¬ 
quency  causes  the  higher-frequency 
mode  to  increase  at  first,  then  dis¬ 
appear  before  the  lower-frequency 
mode  is  eliminated.  The  frequency 
of  the  higher-frequency  mode  ap¬ 
proaches  the  frequency  of  the  tun¬ 
ing  of  the  catcher  resonator.  The 
lower-frequency  mode  can  be  ac¬ 
centuated  by  detuning  the  buncher 
resonator  to  a  higher  frequency 
than  the  tuning  of  the  catcher 
resonator. 

i#*et  of  LvagH  of  Foodboek  LIm 

The  previous  discussion  has  been 
based  upon  a  zero  length  of  feed¬ 
back  line.  This  assumption  obvi¬ 
ously  does  not  apply  to  a  tjrpe  410-R/ 
2KS0  Klystron,  since  an  external 
feedback  line  of  considerable  elec¬ 
trical  length  must  be  used.  The 
problem  is  complicated  when  the 
line  is  not  terminated  with  its  char¬ 
acteristic  impedance.  However,  it 
is  fairly  satisfactory  to  assume  that 
the  phase  shift  in  the  line  can  be 
represented  by  an  angle  <t>i,  and  re¬ 
write  Eq.  6  in  the  form 

»’+Y  +  d-l-dt"  2m.  (12) 

The  logical  conclusion  from  Eq. 
(12)  would  be  that  the  acceleration 
voltage,  which  determines  t,  could 
be  arbitrarily  chosen  by  adjusting 
the  length  of  the  feedback  line. 
Some  choice  of  the  operating  volt¬ 
age  is  permitted  by  such  an  adjust¬ 
ment.  However,  the  feedback  line 
is  not  usually  matched,  and  certain 
line  lengths  prevent  operation  at  the 
frequency  which  may  be  required. 
Therefore,  it  is  not  always  possible 
to  correct  for  changes  in  the  transit 
time  by  changes  in  the  length  of 
the  feedback  line.  As  a  result,  there 
are  some  regions  of  acceleration 
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voltage  where  oscillation  can  not  be 
obtained  by  any  simple  adjustment 
of  the  tube  or  feedback  line. 

All  of  the  previous  discussion  is 
infiuenced  by  the  output  load  which 
is  connected  to  the  tube,  but  this 
effect  has  been  included  implicitly 
in  the  assumption  that  the  losses  in 
the  output  resonator  were  twice  as 
gr^t  as  the  losses  in  the  buncher 
resonator.  This  assumption  is 
equivalent  to  the  statement  that  the 
resonators  are  identical  and  that 
the  power  transferred  to  the  load  is 
equal  to  the  power  losses  in  the  out¬ 
put  resonator  itself. 

Power  Oofput 

Data  have  been  obtained  which 
relate  the  output  poWer  which  can 
be  transferred  from  a  Klystron  os¬ 
cillator  to  a  given  load  resistance. 
These  data  are  shown  by  the  points 
in  Fig.  12.  The  curve  in  Fig.  12 
represents  a  constant-current 
source  feeding  a  parallel  resonant 
circuit  with  internal  losses  and  a 
coupled  load.  The  theoretical  curve 
was  made  to  coincide  with  the  ob¬ 
served  maximum  output  from  the 
Klystron  oscillator.  Zero  load  re¬ 
sistance  in  this  illustration  corres¬ 
ponds  to  a  light  load,  i.e.,  the  load 
resistance  is  an  equivalent  series 
resistance.  The  agreement  between 
the  experimental  points  and  the 
theoretical  curve  in  the  region  be¬ 
yond  the  maximum  output  fails  be¬ 
cause  the  Klystron  does  not  oscillate 
when  the  load  becomes  too  great. 

CoRclasioiit 

It  is  apparent  that  the  character¬ 
istics  of  velocity-modulation  tubes 
must  be  considered  carefully  when 
equipment  is  designed  to  use  these 
tubes.  In  some  respects  these  tubes 
are  similar  to  the  more  familiar 
t3rpes  of  vacuum  tubes.  They  can  be 
used  as  oscillators  or  amplifiers, 
and  when  equipped  with  the  proper 
resonators,  they  can  also  be  used  as 
frequency  multipliers.  Klystron  os¬ 
cillators  are  more  dependent  upon 
the  voltage  applied  to  them  than 
triode  vacuum  tubes,  and  both  fre¬ 
quency  and  output  will  vary  if  the 
voltage  is  changed.  Operation  is 
possible  at  a  number  of  different 
voltage  modes,  but  oscillation  does 
not  occur  in  the  region  between 
these  modes.  When  these  character¬ 


FIG.  11 — ^Dvtiming  th*  bimch*r  to  a 
lower  froqvencv  thllli  tho  pooka  to 
lower  frequencies.  Except  for  this  de¬ 
tuning  of  the  buncher.  these  curvee 
represent  the  some  conditions  os  those 
illustrated  by  the  orer-coupling  curree 
of  Fig.  5 


FIG.  12 — Theoretical  output  enrre  ond 
experimental  output  points  measured 
for  the  410-R/2K30  Klystron  oscUlotor 


istics  are  either  used  or  circum¬ 
vented  in  the  design  of  the  equip¬ 
ment,  these  factors  do  not  limit  the 
application  of  the  tubes  and  actually 
make  it  possible  to  accomplish  re¬ 
sults  which  are  difficult  to  achieve 
in  any  other  way. 
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Ingenious  method  of  automatically  broadcasting  an 
hourly  chime  signal  and  synchronizing  a  remote 
transmitter  clock  with  the  studio  clock.  Both  opera¬ 
tions  are  initiated  by  a  pulse  from  a  Western  Union 
master  clock  line  without  making  any  direct  connec¬ 
tions  to  the  circuit 


By  RUSSELL  D.  VALENTINE 

Chief  Bngineer,  WQXR 
yew  York  City 


that  WQXR  is  on  a  “master  clock 
circuit”  which  includes  an  addi¬ 
tional  pulse  fifteen  minutes  after 
the  hour.  The  clock  reset  mechan¬ 
ism  is  so  designed  that  the  fifteen- 
minute  pulse  does  not  operate  the 
reset  relay.  They  said  that  in 
most  stations  using  the  service  for 
time  signals  the  engineer  manually 
opens  the  circuit  after  the  hourly 
pulse  and  closes  it  again  some  time 
after  the  fifteen-minute  pulse. 

Since  it  was  desired  to  make  our 
time  signal  completely  automatic 
as  well  as  distinctive,  this  method 
was  deemed  unsatisfactory. 

The  control  room  clock  contains 
a  red  lamp  that  lights  only  on  the 
hourly  reset  pulse.  If  the  chime 
could  be  connected  to  the  lamp 
circuit,  a  ready  answer  to  the 
pulse  problem  would  be  provided. 
For  some  reason,  however.  West¬ 
ern  Union  was  unable  to  supply, 
or  grant  permission  to  connect  a 
pair  of  wires  from  the  lamp  circuit 
to  operate  the  chime. 

Speculating  on  the  matter  fur¬ 
ther,  we  thought,  “Well,  there’s 
nothing  wrong  with  looking  at  the 
red  light!”  This  we  did,  and  with 
a  phototube. 

As  can  be  seen  from  the  diagram 
of  Fig.  2,  the  time  signal  picked 
up  by  the  phototube  is  amplified 
and  energizes  a  sensitive  relay; 
this  in  turn  operates  the  chime. 
The  tone  is  picked  up  in  the  head¬ 
phone  and  then  fed  to  the  WQXR 


the  .  point  of  contact  is  covered 
with  a  thin  layer  of  felt. 

A  variable  resistance,  placed  in 
series  with  the  chime  solenoid,  is 
adjusted  to  give  positive  operation 
and  reduce  the  thump  which  oc¬ 
curs  if  too  high  a  voltage  is  ap¬ 
plied.  Proper  spacing  between  the 
chime  plate  and  phone,  the  correct 
amount  of  damping,  as  well  as  ap¬ 
plication  of  the  required  solenoid 
voltage,  will  result  in  a  rather 
pleasing  tone.  Construction  of 
this  signal  source  is  simple  and  in¬ 
expensive. 
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About  a  year  ago,  WQXR  de¬ 
cided  to  include  in  its  pro¬ 
gram  services  an  hourly  time  sig¬ 
nal.  It  was  felt  that  this  time 
signal  should  not  be  the  customary 
harsh  “beep,”  but  rather  a  musical 
chime  consistent  with  the  station’s 
classical  programs. 

Finding  a  suitable  tone  at  first 
posed  a  problem.  Numerous 
schemes  were  tried  and  discarded 
for  one  reason  or  another.  Finally 
a  single-plate  electromagnetic 
door  chime  provided  the  answer. 

As  shown  in  Fig.  1,  a  hole  was 
cut  in  the  top  of  the  chime  case  to 
accomodate  a  2000-ohm  head¬ 
phone.  With  the  cap  and  dia¬ 
phragm  removed,  the  headphone 
functions  as  an  inductive  micro¬ 
phone,  with  the  chime  plate  serv¬ 
ing  as  a  diaphragm.  The  head¬ 
phone  should  be  mounted  fairly 
close  to  the  chime  plate,  the  dis¬ 
tance  between  them  in  a  large 
measure  determining  the  output. 

The  degree  of  damping  or  hang¬ 
over  of  tone  is  controlled  by  means 
of  a  set  screw  and  lock  nut  which 
is  threaded  through  the  top  of  the 
chime  case  to  one  end  of  the  chime 
plate.  The  surface  of  the  plate  at 


Hoarly  Pais*  Prebleai 

To  operate  the  chime.  Western 
Union  was  asked  to  supply  a  line 
similar  to  the  one  used  to  pulse- 
reset  WQXR’s  master  control  room 
clock.  Western  Union  was  pre¬ 
pared  to  do  this  but  pointed  out 
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Block  diagrain  of  comploto  systom  for  transmitting  cm  hourly 
chime  signal  and  pulsing  the  transmitter  clock  at  the  some  time 


FIG.  3 — This  bridging  amplifier  closes  the  tronsmitter  clodc 
reset  circuit  when  the  15-kc  signal  comes  orer  the  studio  Hne 


Time-signal  chime 


transmitter  over  the  wire  line. 

For  years  we  had  wanted  a 
Western  Union  clock  at  the  trans¬ 
mitter  for  time  synchronization 
with  the  studio.  The  idea  had  to 
be  abandoned,  however,  as  no  re¬ 
set  pulse  circuits  v(ere  available  at 
our  transmitter  location. 

SyuehroaisiBg  Studio  and  Trausmittor 
Clocks 
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After  the  Western  Union  red- 
light  phototube-controlled  time 
signal  was  put  into  operation,  the 
thought  occurred  that  the  photo¬ 
tube  might  simultaneously  be  put 
to  work  to  reset  a  clock  at  the 
transmitter. 

Using  the  phototube  as  the 
motivating  force  to  bring  a  pulse 
from  the  studio  in  New  York  to  the 
transmitter  in  Long  Island  was  a 
relatively  simple  matter.  This  was 
accomplished  by  installing  at  the 
studio  k  15-kc  RG  oscillator  com¬ 
bined  with  a  dual  amplifier  so  that 
both  the  time  tone  and  the  trans¬ 
mitter  clock-reset  tone  (15-kc)  are 
sent  simultaneously  over  the 
speech  line  to  the  transmitter. 
The  circuit  of  both  of  these  units 
is  shown  in  Fig.  2.  , 

The  time  tone  is  thus  fed  direct¬ 
ly  to  the  transmitter  through  the 
transmitter  speech  equipment.  The 
15-kc  clock-reset  tone  is  picked  up 
at  the  output  of  the  transmitter 
line  speech  amplifier  through  a 
15-kc  tuned  bridging  amplifier. 
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no.  S— Complutu  drcoit  of  ognipmost  laatollod  at  tho  >10(110.  Whon  tho  rod 
knnp  flashoo  on  tho  clock,  tho  phototubo  ompUfior  oporatoi  tho  chimo  ond 
pormlts  tho  15-kc  oocillator  to  food  a  signal  to  tho  transmittor 


relay  operation.  Power  for  the 
amplifiers  is  obtained  from  the 
regular  speech-amplifier  power 
supplies. 

Those  stations  not  using  a  high- 
quality  line  could  still  reset  a 
transmitter  clock  from  the  studio 
by  use  of  an  8  to  10-kc  pulse  and 
possibly  a  slightly  higher  level. 
The  15-kc  tone  can  be  heard  over 
WQXR  if  a  good  receiver  and  loud¬ 
speaker  are  used.  The  system  has 
given  fool-proof  and  maintenance- 
free  service  since  its  installation 
a  year  ago. 


This  unit  is  shown  schematically 
in  Fig.  3.  A  plate-circuit  relay  in 
the  bridging  amplifier  serves  to 
close  the  transmitter  clock  reset 
circuit. 

Independent  volume  controls  are 
used  on  the  time-tone  and  the  15- 
kc  signals,  with  both  set  to  leave 
the  studio  at  —10  vu.  This  level 
for  the  time  tone  is  not  too  loud, 
yet  permits  the  signal  to  be  heard 
through  voice.  At  this  line*  input 
level,  the  15-kc  signal  arrives  at 
the  tuned  bridging  amplifier  with 
sufficient  amplitude  for  positive 
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Location 


A  pulse  technique  determines  location  and  nature  of  trans¬ 
mission  line  faults.  The  reflected  pulse,  as  shown  on  an 
oscilloscope,  indicates  the  condition  of  the  line.  Photo¬ 
graphs  of  test  results  on  artiflcial  and  actual  open-wire  lines 
indicate  the  utility  of  the  method 


FIG.  1 — drcnit  (a)  emd .  OMOsailng 
dreoH  (b)  used  Ib  pok*  iD*<avr«m«nte  on 
traxMBiMion  Ubm 


By  M.  k.  HONNELL 

AfMoiate  Profe»»or  of  Elec.  Bngineerino 
Oeorgta  Behool  of  Ttehnolon 
Atlantm,  Otorgia 


Many  techniques  have  been  de- 
veloi)ed  for  the  location  of 
faults  on  transmission  lines.  Each 
specific  method  presents  certain  ad¬ 
vantages  for  the  location  of  a  par¬ 
ticular  type  of  fault.^  With  the  ex¬ 
ception  of  continuity  tests,  most  of 
the  fault  location  techniques  involve 
the  use  of  a  bridge.  A  well-known 
impedance  measurement  method  for 
locating  a  fault  on  a  transmission 
line  was  recently  described  in  the 
literature.* 


where  I 
length  s 
unit  lei 
wire  lin 
which  ii 
ductor 
propagf 
proache 
propagi 
of  prop 
on  cabl 
lower  t 
In  the 
be  seei 
of  prop 
wave  o: 
placing 
distanc 
the  lin< 


oscilloi 
along 
an  exj 
and  h 
tuting 
(1)  re 
-  e,/l 
If  1 


TravwUlag  Waves  ea  oa  Idoal  Um 

A  lucid  treatment  of  the  subject 
of  travelling  waves  on  transmission 
lines  is  presented  in  standard  texts.* 
Referring  to  Fig.  1(a),  if  a 


Norombf  f944  —  ELECTRONICS 


liO 


elect 


bf  Line  Faults 


turning  voltage  wave.  The  magni* 
tude  and  phase  of  the  wave  reflected 

I  from  the  sending  end  are  obtained 
from  an  expression  identical  in 
form  to  Eq.  (1)  : 

1  6b  —  €m  (,Ro  ““  ^•)/  (.Ra  +  Zb)  (4) 

It  now  becomes  apparent  that  if 
both  Ra  and.i2£  are  not  identically 
equal  to  Z«,  many  successive  reflec¬ 
tions  take  place  on  the  line  until  the 
total  energy  in  the  travelling  wave 
is  dissipated  in  the  terminating  re¬ 
sistors.  In  a  practical  case,  the 
wave  is  also  attenuated  by  the  line 
losses  as  it  travels  back  and  forth. 

'  Wav*  Velocity 

• 

The  velocity  of  propagation  of 

I  the  travelling  wave  depends  upon 
the  characteristics  of  the  transmis¬ 
sion  line.  The  velocity  of  propaga¬ 
tion  of  the  wave  front  is  given  by 
the  expression* 

V  =  1/VLC  (6) 

where  L  is  the  inductance  per  unit 
length  and  C  is  the  capacitance  per 
unit  length.  On  the  usual  open- 
wire  line  with  a  conductor  spacing 
which  is  much  greater  than  the  con¬ 
ductor  diameter,  the  velocity  of 
propagation  of  travelling  waves  ap¬ 
proaches  the  free-space  velocity  of 
propagation  of  light.  The  velocity 
of  propagation  of  travelling  waves 
on  cable  circuits  is,  however,  much 
lower  than  that  on  open  wire  lines. 
In  the  discussion  to  follow,  it  will 
be  seen  that  the  apparent  velocity 
of  propagation  of  a  particular  pulse 
wave  on  a  line  can  be  determined  by 
placing  a  discontinuity  at  a  known 
distance  from  the  sending-end  of 
the  line. 

#  Exaaples  of  R*i*etio* 

The  reader  is  now  in  a  position 
to  predict  the  type  of  picture  to  ex¬ 
pect  on  the  screen  of  a  cathode-ray 
oscilloscope  connected  to  any  point 
along  an  ideal  transmission  line.  As 
an  example,  assume  that  R^  =z  Z, 
and  lhat  Rl  =  Zb/2.  Upon  substi¬ 
tuting  these  values  in  Eq.  (4)  and 
(1)  respectively,  it  is  seen  that  em  = 
-  e,/B  and  that  =  0. 

If  the  original  pulse  sent  oat  on 
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the  transmission  line  has  a  magni¬ 
tude  of  six  volts,  and  assuming  no 
attenuation  or  distortion  of  the 
pulse  in  its  travel,  the  wave  imping¬ 
ing  upon  the  load  has  a  magnitude 
of  six  volts.  As  a  result  the  re¬ 
flected  voltage  yrave  Cm  has  a  value 
of  —2  volts.  The  picture  seen  on 
the  screen  of  an  oscilloscope  con¬ 
nected  across  the  load  resistor  Rl  is 
that  of  a  single  resultant  pulse  with 
an  amplitude  of  =  6  —  2  =  4 
volts. 

A  simple  calculation  -reveals  that 
the  polarity  of  the  resultant  pulse  at 
the  receiving  end  of  the  line  is  the 
same  as  that  of  the  incident  pulse 
irrespective  of  the  magnitude  of 
Rl,  according  to  the  equation 

Si  =  C/  +  6*  =  Sf  {2Rl)  / 

(Rl  +  Zb)  (6; 

Thus,  it  is  evident  that  the  pulse 
viewed  at  the  receiving  end  is  al¬ 
ways  of  the  same  polarity  as  the 
incident  pulse  and  has  a  magnitude 
in  the  range  from  zero  to  2  «/,  de¬ 
pending  upon  the  relative  values  of 
Rl  and  Z*. 

It  is  apparent  that  the  reflected 
voltage  wave  of  the  preceding  ex¬ 
ample,  c*  =  —  2  volts,  travels  back 
to  the  sending  end  of  the  line. 
There  it  encounters  a  resistance 
Ro  =  Zb  which  completely  absorbs 
the  returning  wave. 

The  picture  viewed  on  an  oscil¬ 
loscope  connected  across  the  send¬ 
ing  end  of  the  line  consists  of  the 
original  six-volt  positive  pulse,  and 
a  two-volt  negative  pulse  displaced 
from  the  initial  pulse  by  a  time  in¬ 
terval  T  =  2S/V.  Of  course,  if  Ro 
were  not  equal  to  Z„  reflection 
would  take  place  at  the  sending-end 
as  well  as  at  the  load  end  of  the 
line,  and  many  reflected  pulses 
would  appear  on  the  oscilloscope 
screen. 

Distortie*  of  Waves 

There  is  always  a  flnite  amount 
of  attenuation  of  a  wave  on  a  trans¬ 
mission  line  due  principally  to  the 
effective  resistance  R  of  the  con¬ 
ductors  and  to  the  conductance  G 
between  the  wires.  If  the  line  con- 


photoiirraphs,  it  is  well  to  remember 
that  the  oscilloscope  connected 
across  the  sending  end  of  the  line 
gives  a  picture  of  the  resultant 
pulse  at  the  sending  end,  and  that 
this  resultant  pulse  is  of  the  same 
polarity  as  the  returning  pulse  in¬ 
cident  on  the  generator.  The  dura¬ 
tion  of  the  traces  of  Fig.  2  is  1/120 
second,  and  therefore  a  half  cycle  of 
a  differentiated  60-<qrcle  square 
wave  is  shown. 

In  Fig.  2  (a)  no  reflected  pulse  is 
present,  because  the  line  is  properly 
terminated  in  its  surge  impedance. 
Only  one  reflected  pulse  is  present 
in  Fig.  2(b)  and  in  Fig.  2(c),  as 
the  sending-end  impedance  is  equal 
to  Zo  so  that  the  returned  pulse  is 
absorbed  by  this  impedance.  In  the 
remainder  of  the  photographs,  three 
reflected  pulses  appear.  Note  that 
the  pulses  are  spaced  at  equal  inter¬ 
vals  representing  the  time  required 
for  the  pulse  wave  to  travel  twice 
the  length  of  the  transmission  line. 

The  following  detailed  explana¬ 
tion  of  the  excursions  of  the  pulse 
shown  in  the  oscillogram  of  Fig. 
2(g)  assists  in  an  understanding 
of  the  other  oscillograms.  The  ini¬ 
tial  positive  pulse  travels  the  length 
of  the  line  and  impinges  upon 
a  short-circuit  at  the  receiving  end 
of  the  line.  Hence,  the  first  reflected 
pulse  is  of  negative  polarity  and 
travels  back  to  the  sending  end 
where  it  is  seen  as  a  downward 
pulse.  This  first-returning  wave  en¬ 
counters  a  sending-end  impedance 
which  is  greater  than  Z„  and  there 
fore  a  negative  reflected  pulse  is 
sent  out  on  the  line.  This  negative 
pulse  is  reversed  in  polarity  at  the 
load  end  of  the  line,  with  the  result 
that  it  is  seen  as  a  positive  pulse  on 
its  second  return  to  the  sending 
end.  From  here  on,  the  previously- 
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Equipment  uMd  to  test  transmission  linra  by  tho  pnlss  method.  The  output 
oi  the  square-ware  generator  (top  right)  is  differentiated,  the  resulting  pulse 
is  fed  to  the  line,  and  reflected  pulses  are  obserred  on  oscilloscope 


seve 


stants  are  so  proportioned  that  RC 
equals  GL,  the  line  is  distortion¬ 
less.  A  wave  travelling  on  this  line 
is  attenuated  as  it  moves  along  the 
line,  but  it  retains  its  original  shape 
as  a  function  of  time  as  viewed  at 
any  point  along  the  line. 


sen 


Laboratory  Arrangement  laboratory  arrangement  used 

The  constants  of  the  usual  power  to  obtain  the  photographs  is  shown 
and  telephone  transmission  lines  do  in  Fig.  1(b).  The  sending-end  im- 
not  satisfy  the  condition  for  a  dis-  pedance  Ro  consists  of  Ra  in  series 
tortionless  line.  The  type  of  wave  with  the  pulse  generator  impedance 
distortion  to  be  expected  on  these  R^.  The  square-wave  generator  in¬ 
lines  is  a  rounding  of  sharp  points  ternal  impedance  is  large  compared 
on  the  wave  and  a  sloping-back  of  to  Rp.  It  is  desirable  to  make  R, 
the  wave  front*  From  the  Fourier  much  smaller  than  Z*  in  order  that 
viewpoint  the  component  fre-  Ro  will  be  essentially  equal  to  Rs. 
quencies  in  a  recurrent  pulse  travel  The  sending-end  impedance  is  then 
with  dififerent  phase  velocities  and  conveniently  changed  simply  by 
undergo  different  degrees  of  ,at-  changing  the  value  of  the  resistor 
tenuation,  with  the  result  that  the  Rg. 

pulse  is  distorted.  This  t3i>e  of  dis-  The  pulse  signal  is  obtained  by 
tortion  is  present  in  the  photo-  differentiating  a  square  wave  using 
graphs  described  later.  Additional  the  coupling  capacitor  C  and  the  re¬ 
distortion  in  the  form  of  a  damped  sistor  Rp.  Thus,  the  fundamental 
oscillation  trailing  each  pulse  is  ap-  frequency  of  the  pulse  wave  is  the 
parent  in  the  photographs  taken  on  same  as  that  of  the  square  wave, 
an  artificial  lumped  constant  line,  and  the  pulse  width  is  varied  by 
This  transient  oscillatory  distortion  changing 'the  RC  values  of  the  dif- 

of  pulses  is  absent  on  all  observa-  ferentiating  circuit.  Other  types 
tions  made  on  an  actual  open-wire  of  pulse  generators  are  suitable, 
line  where  the  impedance  is  uni¬ 
formly  distributed  along  the  line.  Laboratory  Photographs 

The  artificial  laboratory  line  used  The  series  of  photographs  in 
to  check  the  pulse  technique  con-  Fig.  2  demonstrate  clearly  the  be- 
sists  of  25  balanced-H  sections  of  havior  of  the  pulse  wave  on  a  trans¬ 
inductance  and  capacitance,  and  mission  line.  In  examining  the 


FIG.  3 — Irrognloritioi  on  a  lumpod-consia^ 
artiilcial  lino  aro  quickly  dotorminod  b; 
tboir  OBciUoocopic  traco 
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described  action  takes  place  so  that 
alternate  pulses  are  of  like  polarity. 

The  photograph  in  Fig.  3  shows 
the  effect  of  two  different  types  of 
discontinuities  simultaneously  pres¬ 
ent  on  the  transmission  line  with 
both  the  sending-end  and  load  re> 
sistances  equal  to  the  line  surge  im¬ 
pedance.  The  positive  pulse  is 
caused  by  a  74-ohm  resistor  in¬ 
serted  in  series  with  each  side  of 
the  line  at  the  13th  section,  while 
the  negative  reflected  pulse  is 
caused  by  a  2,600-ohm  resistor 
shunted  across  the  line  at  the  22nd 
section.  The  multiple  reflections 
which  occur  between  the  two  dis¬ 
continuities  are  distorted  and  of 
minor  magnitude,  hence  they  are 
not  visible  in  the  photographs. 

Convenient  lattice  diagrams  of 
great  assistance  in  the  calculation 
of  the  reflections  to  be  expected  at 
any  point  and  at  any  instant  of  time 
on  a  transmission  line  containing 
several  discontinuities  are  de¬ 
scribed  by  Bewley.* 

The  length  of  a  transmission  line, 
or  the  distance  to  a  discontinuity, 
is  easily  determined  by  measuring 
the  time  interval  between  the  ini¬ 
tial  pulse  and  the  particular  re¬ 
flected  pulse  in  question.  This 
measurement  is  made  by  any  of  the 
standard  methods.  The  most  primi¬ 
tive  method  is  to  measure  both  the 
length  of  the  entire  trace  as  well  as 
the  length  from  the  initial  pulse  to 
the  reflected  pulse  with  a  rule,  or 
with  the  cross-section  coordinates 
on  the  oscilloscope  screen. 

Information  for  a  calculation  of 
this  type  is  presented  in  Fig.  4. 
The  fundamental  frequency  is  600 
cps.  The  pulse  is  traveling  on  an 
open-wire  line  and  therefore  its 
velocity  V  is  very  nearly  180,000 
miles  per  second.  From  the  figure. 


T  is  measured  to  be  (2/3)  Ti  = 
(2/3)(l/2F)  =  1/1800  second. 

Therefore  the  length  of  the  line  S 
equals  (1/2)  VT  =  (1/2)  (18  X 
100  (1/18  X  10*)  =  60  mUes. 

More  rapid  methods  of  measur¬ 
ing  the  distance  to  a  discontinuity 
involve  the  use  of  a  Z-axis  timing 
signal,  or  a  timing  signal  flashed 
over  the  pulse  trace  by  an  electronic 
switch. 

Tests  OpM-Wire  Lia* 

Through  the  courtesy  of  Mr. 
L.  C.  Bomar  of  the  Southern  Nat¬ 
ural  Gas  Company,  the  writer  had 
the  opportunity  to  check  the  pulse 
technique  on  an  open-wire  line  146 
miles  long  paralleling  a  gas  pipe¬ 
line  from  Atlanta  to  Birmingham. 
Figure  6  is  a  pulse  panorama  of  the 
entire  line.  The  last  reflected  pulse 
of  positive  polarity  is  caused  by 
the  Birmingham  end  of  the  line, 
where  the  line  is  terminated  in  a 
2500-ohm  relay.  The  remainder  of 
the  reflections  are  due  to  similar 
relays  shunted  across  the  line  *at 
various  stations,  and  due  to  several 
short  lengths  of  cable  circuit  inter¬ 
posed  in  the  line. 

Figure  6  shows  the  reflected  pulse 
obtained  upon  open-circuiting  the 
line  at  a  point  80  miles  from  the 
sending  end.  When  the  line  is  short- 
circuited  at  the  same  point,  the 
identical  pulse  appears  but  with  a 
negative  polarity. 


The  pulse  technique  appears 
promising  as  a  method  of  measur¬ 
ing  the  distance  to  a  discontinuity 
on  a  transmission  line.  If  the  nor¬ 
mal  pulse  history  of  a  particular 
line  is  photographically  recorded, 
any  new  discontinuity  can  be  read¬ 
ily  detected  by  placing  the  negative 


of  the  photograph  over  the  oscillo¬ 
scope  screen. 

An  advantage  of  the  pulse  tech¬ 
nique  over  other  methods  of  meas¬ 
uring  the  distance  to  discontinuities 
is  that  a  complete  instantaneous 
picture  of  the  entire  line  is  reveal^ 
at  a  glance.  In  addition,  the  nature 
of  the  discontinuity  is  immediately 
apparent. 

Possible  applications  of  the  pulse 
technique  are:  (1)  To  measure  the 
distance  to  an  open  or  short-circuit 
on  transmission  lines.  (2)  To 
measure  the  distance  to  irregulari¬ 
ties  on  lines.  (S)  To  measure  the 
velocity  of  propagation  of  pulse  sig¬ 
nals  on  transmission  lines  of  known 
length.  (4)  To  rapidly  check  the 
value  of  the  characteristic  imped¬ 
ance  of  a  transmission  line,  or  to 
determine  whether  or  not  a  line  is 
terminated  in  its  characteristic  im¬ 
pedance.  (5)  To  continuously  moni¬ 
tor  a  line  to  determine  where  and 
when  a  break  occurs  during  incle¬ 
ment  weather,  or  during  periods 
when  sabotage  is  exi>ected. 

A  fruitful  field  for  research  ex¬ 
ists  in  the  use  of  pulse-modulated 
carriers  as  a  test  for  discontinuities 
on  transmission  lines.  The  writer 
believes  that  the  pulse  technique 
can  be  advantageously  used  to  lo¬ 
cate  discontinuities  on  telephone, 
telegraph,  and  power  lines  in  areas 
stricken  by  wind  and  ice  storms. 
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FIG.  S — An  op«n  drcnit  80  miUs  from  At* 
Ionia  on  tho  lino  shown  in  Fig.  5  pro- 
dncos  tho  pooitiTO  pnloo  shown  horo 


FIG.  4 — Tho  longth  of  lino  is  found  by  FIG.  5 — This  panoramic  puloo  vlow  takon 
corrolating  an  oscilloocopic  traco  with  tho  from  AUanIa  shows  tho  Atlonta-Birming- 
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CAPACITOR-MATCHING 


Constrnction  and  calibration  of  a  direct- reading  beat-freqnency  osciUator  for  use 
in  production  matching  of  variable  capacitors.  Principle  involves  comparing  frequencies 
of  two  duplicate  oscillators,  one  containing  the  standard  capacitor,  the  other  con¬ 
taining  the  production  capacitor 


PKECisiON  calibratinfiT  and 
matching  on  a  mass-produc¬ 
tion  basis  is  one  of  the  greatest 
problems  in  the  manufacture  of 
.variable  capacitors.  The  trend  in 
recent  years  toward  higher  fre¬ 
quencies,  compactness,  and  higher 
standards  in  receiver  design  has 
resulted  in  corresponding  limita¬ 
tions  in  capacitor  tolerances. 

Any  limitations  on  the  tolerance 
of  the  capacitance  curve  require 
closer  control  throughout  the  stages 
of  production.  Today  the  tolerances 
have  approached  such  narrow  limits 
that  the  manufacturer  has  to  hold 
to  rigid  standards  on  the  mechani¬ 
cal  structure  in  order  to  approach 
as  closely  as  possible  the  specified 
capacitance  curve.  Only  when  great 
mechanical  accuracy  exists  can  the 
capacitor  be  calibrated  and  matched 
with  any  success. 

CalibratioR  TeehRiqRRt 

Calibration  of  a  capacitor  is  a 
tedious  job,  whether  for  experi¬ 
mental  work  or  for  a  production 
run.  The  term  calibration  as  used 
in  the  variable-capacitor  field  ap¬ 
plies  to  adjusting  the  capacitance 
of  the  unit  to  the  required  capaci¬ 
tance  curve  by  bending  serrations 
on  the  rotor  plates  of  a  single-sec¬ 
tion  variable  capacitor,  or  in  the 
ease  of  a  ganged  capacitor,  the  one 
section  which  is  generally  used  to 
tune  an  oscillator. 

Calibrating  in  the  past  was  ac¬ 
complished  by  taking  reat’ings  at 
specified  degrees  of  rotation  and 
comparing  them  to  the  original 
curve  in  order  to  determine  the 


necessary  loss  or  gain  in  capaci-* 
tance.  and  then  bending  the  serra¬ 
tion  at  each  reading  to  produce  the 
required  results.  The  operation 
was  speeded  up  by  the  use  of  a 
simple  beat-frequency  oscillator 
and  a  standard  capacitor  adjusted 
to  the  desired  curve.  This  method, 
although  much  faster,  was  still 
handicapped  because  of  the  neces¬ 
sity  for  continuously  switching  be¬ 
tween  the  standard  and  the  capaci¬ 
tor  being  calibrated. 

Matching  a  ganged  capacitor 
which  consists  of  adjusting  the  re¬ 
maining  sections  to  conform  to  the 
calibrated  section  was  handled  in 
the  same  manner.  It  will  readily  be 
seen  that  if  the  tolerances  were 
held  to  comparatively  small  limits, 
0.5  fj.nf  or  smaller,  a  continual 
switching  between  the  capacitor 
being  calibrated  and  the  standard 
would  be  necessary. 

To  solve  this  problem,  Hammar- 
lund  engineers  decided  to  limit  the 
switching  to  an  absolute  minimum. 
To  do  this,  of  course,  means  taking 
a  comparison  reading  of  the  ca¬ 
pacitance  directly  from  a  dial  on 
the  test  instrument.  With  this  ob¬ 
ject  in  mind,  a  search  was  made 
for  a  design  that  would  answer  the 
purpose. 

iaprovcd  Method 

It  was  discovered  that  with 
some  modification,  existing  beat- 
frequency  oscillators  could  be  made 
to  serve  for  calibrating  and  match¬ 
ing  capacitors,  and  greatly  speed 
production  over  existing  methods. 

In  order  to  check  by  direct  com¬ 


parison  it  is  necessary  to  have  two 
variable  oscillator  circuits  beating 
against  each  other.  The  final  circuit 
is  shown  in  ihe  schematic  diagram. 
Fig.  1.  The  standard  capacitor 
Cxi  is  placed  across  one  oscillator, 
and  the  capacitor  to  be  calibrated 
(Cx,)  across  the  other  oscillator. 
Both  capacitors  are  set  to  minimum 
capacitance  and  locked  to  a  single 
shaft  as  shown  in  Fig.  2.  By 
means  of  trimming  capacitors  C, 
and  Cl  the  oscillators  are  brought 
to  zero  beat  as  indicated  by  a  null 
reading  of  meter  M.  The  capacitor 
under  test  and  the  standard  are 
then  rotated  together  and  the  oscil¬ 
lators  held  at  zero  beat  by  means 
of  the  calibrated  capacitor  C,.  The 
change  in  Ci  necessary  to  accom¬ 
plish  this  is  a  direct  indication  of 
the  difference  between  the  curve  of 
the  capacitor  being  calibrated  and 
the  required  capacitance  curve. 

DcsigR  of  Tester 

The  inductors  Li  and  L,  are  vari¬ 
able,  having  movable  iron  core 
slugs.  The  shielding  effect  obtained 
with  Li  mounted  above  the  chassis 
and  as  far  away  from  L,  as  possible, 
is  sufl5cient  for  all  practical  pur¬ 
poses.  Cl  is  a  straight-line  capaci¬ 
tor  whose  value  depends  on  the 
capacitance  to  be  covered  in  the  tol¬ 
erance  specifications  for  the  re¬ 
quired  capacitor  curve.  C,  should  be 
suflSciently  rugged  mechanically  to 
withstand  constant  use  during  pro¬ 
duction  tests.  It  was  found  that  a 
total  value  of  approximately  15  fi/xf 
gave  the  required  swing  of  10  fqif 
without  using  the  full  180  deg 
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swing  of  the'  capacitor,  thereby 
luing  only  the  linear  portion  of  the 
capacitance  curve.  A  value  of  5  iifd 
each  side  of  zero  gave  sufQcient 
capacitance  variation  so  that  all  tol¬ 
erances  cohld  be  met.  C,  and  C,  are 
trimming,  capacitors  used  to  bring 
the  two  oscillators  to  zero  beat.  C» 
is  used  for  making  coarse  adjust¬ 
ment  in  trimming  whereas  C»  is 
used  for  final  adjustments.  Conse¬ 
quently,  Cl  has  a  smaller  capaci¬ 
tance  than  Ct.  These  trimmers  are 
connected  in  parallel  with  one  oscil¬ 
lator  circuit  to  correct  for  small 
differences  in  capacitance  that 
might  exist  between  the  capacitors 
under  test  due  to  their  minimum 
capacitance  and  the  leads. 

Cl  and  Cl  are  loading  capacitors 
which  give  a  total  base  capaci¬ 
tance  in  each  oscillator  circuit  of 
approximately  2000  /x/if.  They  are 
added  so  that  the  frequency  of  the 
oscillator  circuits  would  be  rela¬ 


tively  low,  approximately  400  kc 
without  external  load,  thereby  mini¬ 
mizing  the  inductive  effects  of  test 
leads.  Care  mu^t  be  taken  to  keep 
the  values  of  C*  and  C,  as  nearly 
alike  as  possible  so  that  trouble 
will  not  be  encountered  in  balanc¬ 
ing  the  inductances  Li  and  L*. 

The  capacitors  C,  and  Ct  couple 
the  oscillator  plates  to  the  detector. 
These  capacitors  should  have  rela¬ 
tively  small  values  (in  the  order  of 
a  few  ju/if )  so  that  the  coupling  be¬ 
tween  the  two  oscillators  will  not  be 
great  enough  to  cause  the  oscilla¬ 
tors  to  lock.  They  should  be  as 
closely  matched  as  possible. 

• 

Ceutmctioa  of  Tester 

Both  oscillator  circuits  must  be 
kept  as  nearly  alike  as  possible  in 
the  values  of  their  component  parts 
as  well  as  in  their  wiring.  Any 
great  differences  may  cause  serious 
unbalance  between  the  circuits.  All 


precautions  should  be  taken  in  the 
matter  of  placement  of  parts  in  or¬ 
der  that  coupling  effects  will  be  a 
minimum.  If  too  much  coupling  is 
present  the  lock-in  between  the 
oscillators  will  be  such  as  to  de¬ 
crease  the  sensitivity  of  Ci.  Either 
the  capacitor  under  calibration  will 
appear  to  track  perfectly  because 
the  two  oscillators  lock,  producing 
a  permanent  null  indication,  or  the 
change  in  Ci  necessary  to  upset  the 
balance  will  be  abnormally  large  b*>. 
cause  of  the  tendency  of  the  oscilla¬ 
tors  to  remain  at  zero  beat  until 
tuned  to  widely  different  fre¬ 
quencies. 

The  mechanical  structure  of  the 
beat-frequency  oscillator  must  be 
suflScienyy  rugged  so  that  momen¬ 
tary  strains  •  set  up  by  external 
sources  will  not  throw  the  instru¬ 
ment  off  calibration  due  to  varia¬ 
tions  in  the  inductances.  All  points 
of  ground  contact  in  the  wiring  as 


FIG.  1 — Circuit  diagram  oi  tha  capacitor-matching  oacil- 
lator.  Tha  outputi  oi  tha  two  osciUators  ora  hataro- 
dynad  in  tha  SIS.  Whan  both  iraquanciaa  ora  tha  aoma 


undar  last  diiiars  alightlv  from  tha  stondard,  capacitor 
Cl  in  tha  oacUlotor  containing  tha  unknown  capacitor  ia 
odjuatad  to  gira  a  null  on  tha  motor.  Thia  chonga  in 


tha  motor  N  giToa  a  null  indication.  If  tha  capacitor  Ci  giras  diractlv  tha  arror  in  tha  unknown  copadtor 
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well  as  in  the  fastenings  of  the  dust 
cover  and  bottom  plates  should  be 
made  as  secure  as  possible  in  order 
to  overcome  any  difficulties  from 
this  source. 

CalibrotioH  of  Tester 

•  Before  the  beat-frequency  oscil¬ 
lator  is  calibrated,  a  simple  bal¬ 
ancing  set-up  will  be  required.  The 
set-up  consists  of  two  fixed  capaci¬ 
tors  which  have  three  or  four  times 
the  maximum  capacitance  of  the 
capacitors  that  will  be  calibrated  in 
production.  One  should  have  a  ca¬ 
pacitance  of  from  1  to  2  /i/x/  greater 
than  the  other.  The  use  of  a  much 
greater  capacitance  for  balancing, 
over  the  values  to  be  used  during 
the  production  test,  proportionately 
reduces  the  final  errors. 

The  two  fixed  capacitors  should 
be  tied  together  and  the  common 
point  fastened  to  the  binding  post 
.at  G  on  the  front  panel.  The  re¬ 
maining  terminal  of  the  standard 
capacitor  is  fastened  to  Cxi,  and  the 
terminal  of  the  other  capacitor  i.s 
fastened  to  Cx»,  as  shown  in  Fig.  1. 
The  leads  fastened  to  Cjri*and  Cj. 
should  .be  checked  for  length  and 
symmetry.  When  the  balancing 


set-up  has  been  made  as  synametri- 
cal  as  possible  it  is  removed  from 
the  binding  posts  and  placed  to  one 
.side  until  some  preliminary  adjust¬ 
ments  are  made,  prior  to  final  bal¬ 
ancing. 

The  next  step  is  to  set  the  mov¬ 
able  slug  in  Li,  which  is  above  the 
chassis.  This  is  done  by  backing  it 
out  as  far  as  it  will  go  and  then 
screwing  it  in  approximately  three 
or  four  turns.  The  dust  cover  is 
then  put  in  place  and  securely  fast¬ 
ened,  using  lock-washers  under  the 
screw  heads  to  give  good  ground 
contact  and  rigidity.  The  variable 
potentiometer  R,  is  of  sufficient  re¬ 
sistance  to  cause  a  full-scale  deflec¬ 
tion  of  meter  M,  which  is  prefer¬ 
ably  a  200-microampere  meter.  R, 
is  set  so  that  the  meter  shows  half-* 
scale  deflection.  The  bottom  plate 
is  then  placed  in  position  and  fast¬ 
ened  securely. 

The  oscillator  is  now  ready  to  be 
balanced.  The  pointer  of  C,  is  set  in 
the  center  of  the  dial,  where  a  ref¬ 
erence  line  is  drawn.  C»  and  C,  are 
set  so  that  their  rotor  plates  are 
half-way  out  of  mesh.  L,  is  then 
adjusted  by  means  of  the  movable 
slug  until  the  meter  deflection  takes 


the  lowest  dip.  A  pair  ,  of  head¬ 
phones  plugged  into  the  phone  jack 
will  come  in  very  handy  to  listen  for 
the  decrease  of  the  beat  pitch  and 
to  detect  the  null. 

UaiqM  taloaelag  Techalqa* 

The  fixed  capacitor  set-up  that 
was  made  previously  is  now  fast¬ 
ened  between  Cxi  and  G  and 
Cl  is  then  turned  to  the  right  or 
left,  as  the  case  may  be,  until  the 
meter  indicates  the  null  point  and 
the  distance  of  the  pointer  on  C, 
from  the  reference  line  measured. 
Here  use  is  made  of  the  1  to  2-/i/if 
difference  between  the  two  capaci¬ 
tors  of  the  balancing  set-up.  Re¬ 
move  the  set-up  from  the  test  term¬ 
inals  and  reverse  its  position.  The 
lead  formerly  connected  to  Cx, 
should  now  be  connected  to  Cx*  and 
vice  versa.  Measure  the  deviation 
of  Cl  as  outlined  above.  The  in¬ 
ductance  value  of  Li  is  then  ad¬ 
justed  by  means  of  its  movable  slug 
until,  with  the  oscillators  balanced, 
the  pointer  on  Ci  is  the  same  dis¬ 
tance  from  the  center  line  on  the 
one  side  as  it  was  on  the  other  be¬ 
fore  the  test  set-up  was  reversed. 
Note  that  it  is  necessary  to  re-bal- 


Chq— cuMinbly,  thowlnq  Am  Iron-cor*  iaduder  ol  oa«  oscUlotor  at 
dw  riaht  on  top  of  tho  ehasali.  and  tho  itrolaht-UBO  •rror-moorariaq 
capodtor  at  tho  coator 


nador-choBsia  wiriag.  showlag  tho  obailarlty  botwooa  tho 
two  oscUlotor  drcnit  lay-outs.  Tho  balaadag  capodtor*. 
Ct  aad  C*.  aro  at  Uio  lop  la  this  tIow 
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ance  the  equipment  each  time  the 
inductance  value  is  changed,  by 
means  of  C,  or  C,  with  the  cai>acitor 
set-up  disconnected. 

Some  means  should  be  made  for 
locking  the  inductor  adjustment 
once  balance  is  reached.  The  head¬ 
phones  prove  very  useful  in  check¬ 
ing  the  unbalance  between  the  oscil¬ 
lators  because  occasionally  the  un¬ 
balance  is  of  such  a  nature  that  no 
deflection  is  shown  on  the  meter, 
the  capacitance  of  C,  at  the  moment 
being  either  too  great  or  not  great 
enough.  An  increase  or  decrease  in 
the  frequency  of  the  audio  signal 
as  heard  over  the  earphones  is 
noted  when  Ci  is  rotated.  The  mov¬ 
able  slug  of  the  inductor  is  then 
adjusted  so  that  there  is  a  constant 
decrease  in  the  frequency  of  the 
signal  until  with  Ci  set  somewhere 
near  the  reference  point  a  null  is 
obtained.  The  final  balance  can  be 
made  without  the  headset  inasmuch 
as  the  balance  between  oscillator 
circuits  has  been  determined  to  fall 
on  the  dial  of  Ci. 


fig.  2 — TIm  productioa  copadtor  is  9caii9*d  to  tho  stondard  copodtor.  oad  coa- 
Mctlons  or*  mad*  to  tho  torminol  pooti  on  tho  matching  oodllator.  Tho  two 
eapadton  aro  rotatod.  and  tho  oodUoton  aro  kopt  in  bolonco  (as  indicotod 
by  tho  motor)  by  adinsting  tho  stroi^t-lino  copadtor.  Tho  orror  botwoon  tho 
iiwliitofii  and  tho  standord  copadtor  is  road  diroctly  from  tho  scalo.  Tho 
controls  ot  tho  right  bolonco  tho  oscUlotors  boioro  moosnromonts  aio  mado. 
This  capadtor-matching  osdllotor  was  dosignod  and  built  in  tho  Hammarlund 
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The  beat  frequency  oscillator 
should  be  perfectly  balanced  with 
the  pointer  of  C,  in  the  center  of 
the  dial.  However,  there  are  two 
values  which  will  have  to  be  pre¬ 
cisely  determined  in  order  to  cali¬ 
brate  the  instrument  accurately. 
These  values  are  the  base  frequency 
and  base  capacitance  with  the  in¬ 
strument  set  and  balanced  at  the 
reference  point  These  values  need 
only  be  determined  for  the  oscil¬ 
lator  circuit  in  which  Ct  is  included, 
because  the  other  oscillator  circuit 
is  balanced  to  it.  The  base  fre¬ 
quency  can  be  determined  by  any 
of  the  standard  frequency-measur¬ 
ing  methods. 


can  be  picked  up  from  the  phone 
jack. 

The  method  of  calibrating  C,  is 
to  compare  the  beat  frequency  of 
the  matching  oscillator  to  the  fre¬ 
quency  of  an  audio  oscillator  by 
means  of  the  oscilloscope  and  Lis- 
sajous  figures.  The  minimum 
change  in  frequency  which  can  be 
measured  in  this  manner  depends 
on  the  calibration  and  stability  of 
the  audio  oscillator,  but  this  con¬ 
sideration  need  not  limit  the  size 
of  divisions  to  which  the  scale  of 
Cl  can  be  calibrated.  As  was  stated 
previously,  the  capacitor  Ci  has  a 
straight-line  characteristic,  and  is 
only  used  over  the  central  portion 
of  its  range  where  its  linearity  is 
highly  reliable.  If  in  addition  it 
has  a  substantial  air  gap,  it  can  be 
calibrated  every  0.5  /x/if,  for  ex¬ 
ample,  and  subdivisions  every  0.1 
fifd  added.  It  was  found  at  Ham¬ 
marlund  that  by  using  this  method 
the  errors  were  so  small  as  to  be 
negligible.  With  Ci  calibrated,  the 
capacitor-matching  oscillator  is 
ready  for  use. 


method  used  in  determining  the 
base  frequency.  Then  by  use  of 
the  two-frequency  method  the  base 
capacitance  can  be  calculated  from 
the  following  equations: 

Cm  *  base  capacitano#to  be  found 
fi  ~  the  higher  frequency  in  kc 
/i »  the  lower  frequency  in  kc 
Cn  ■■  the  capacitance  added  to  produce/i 
Cn  ~  the  capacitance  added  to  produce/* 

r/.1«  C,+Crt 


as  the  frequency  ratio,  FR*. 


Writing 

the  following  formula  is  derived : 

r  Cn-FR*Cft 

^  “  Fifi  -  1 

The  base  frequency  and  base  ca¬ 
pacitance  for  the  oscillator  circuit 
whose  tuning  capacitor  is  to  be  cali¬ 
brated  are  now  known.  When  the 
pointer  of  C*  is  set  on  the  reference 
line  the  equipment  should  be  in 
balance. 

Calibration  of  Ci 

A  good  audio  oscillator  and  an 
oscilloscope  will  be  needed  to  do  the 
final  calibrating.  The  audio  signal 
from  the  beat-frequency  oscillator 


Snbstitntion  Detorminotion 
of  Capacitanco 

The  base  capacitance  can  be  de¬ 
termined  by  selecting  two  silvered 
mica  capacitors  whose  capacitance 
values  differ  from  each  other  by  at 
least  1000  ftfd.  These  capacitors 
should  be  measured  accurately  and 
marked  and  their  readings  re¬ 
corded.  They  are  then  fastened 
separately  across  the  Ca  and  G 
terminals,  and  the  frequency  pro¬ 
duced  by  the  addition  of  each  ca¬ 
pacitor  is  determined  by  the  same 


Army  Radio  D-F 


Description  of  SCR-291  radio  direction  finder,  used  by  AACS  to  provide  accurate  bear¬ 
ings  for  military  pilots  on  world-wide  air  routes.  Indications  appear  on  a  cathode-ray 
tube  screen.  Operating  procedures  and  factors  affecting  choice  of  sites  are  covered 


strict  its  usefulness  to  the  immedi¬ 
ate  surroimdings  of  the  observer.  | 
With  the  advent  of  wireless  com¬ 
munications,  these  limitations  were 
greatly  minimized,  and  the  use  of 
directios  finding  became  increas¬ 
ingly  important 

This  discussion  is  concerned 
chiefly  with  the  use  of  direction 
finding  as  a  radio  navigational  aid 
operating  in  the  field  of  military 
aviation.  While  the  direction  finder 
is  not  infallible,  nevertheless  it  has 
proved  itself  a  vital  element  in  the 
safe  conduct  of  airplanes  over  oar 
farflung  Army  Airwasrs. 

TW  Aetsal  IqaipsiMi 

There  are  many  types  of  d-f 
equipment  in  use  throughout  the 
world — ^most  of  them  emplosring  a 
loop  or  Adcock-type  antenna  array. 
Generally  speaking,  the  choice  of 
equipment  is  determined  by  the  op¬ 
erating  characteristics  desired  and 
the  circumstances  and  conditions 
I>ecuiiar  to  the  sphere  of  operation. 
Surface  vessels,  for  example,  ordi¬ 
narily  make  use  of  a  direction 
finder  whose  antenna  is  of  modified 
loop  design,  whereas  shore-based 
units  usually  employ  an  Adcock  ar¬ 
rangement 

As  Army  aircraft  radio  operation 
is  normally  confined  to  a  frequency 
range  between  2  and  12.5  Me,  d-f 
equipment  must  be  capable  of  sup¬ 
plying  continuous  bearing  coverage 
within  these  limits. 

Another  requirement  of  satisfac¬ 
tory  equipment  is  the  need  for  ob¬ 
taining  bearings  rapidly  and  with  a 
minimum  of  the  human  element  in¬ 
volved.  Then,  too,  there  are  definite 
advantages  in  semi-portable  equip¬ 
ment  which  can  be  installed  quickly 
and  disassembled  with  relative  ease. 

A  direction  finder  manufactured 
by  Federal  Telephone  and  Radio 


are  commonly  called,  are  determined 
by  the  central  or  control  station  of 
the  net  Individual  bearings  are 
obtained  from  each  satellite  station 
and  plotted  on  a  chart.  Proper 
evaluation  of  the  point  of  inter-* 
section  of  the  collected  bearings  re¬ 
sults  in  the  fix,  which  may  be  re¬ 
ported  back  to  the  original  trans¬ 
mitting  agent  or  to. rescue  forces, 
depending  on  the  circumstance. 

The  direction  finder  is  a  natural 
outgrowth  of  radio  development 
and  radio  control.  For  many  years 
surface  vessels  and  aircraft  con¬ 
trolled  their  movements  visually, 
as  no  other  method  was  available. 
Visual  control,  however,  is  obvi¬ 
ously  limited  by  the  surrounding 
terrain,  the  prevailing  atmospheric 
conditions,  the  spherical  construc¬ 
tion  of  the  earth’s  surface,  and 
many  other  factors  that  tend  to  re¬ 


Radio  direction-finding  is  a 
method  employed  to  deter¬ 
mine  in  degrees  the  direction  of  a 
transmitting  agent,  such  as  an  off- 
course  airplane,  from  a  direction¬ 
finder  station.  Such  operation  is  ac¬ 
complished  by  the  use  of  a  receiver 
coupled  to  a  specialized  type  of  an¬ 
tenna  with  which  the  horizontal  an¬ 
gle  of  incidence  of  incoming  signals 
from  a  remote  transmitter  can  be 
found  relative  to  some  predeter¬ 
mined  standard,  usually  true  or 
magnetic  North. 

Because  the  individual  d-f  station 
is  capable  of  obtaining  directive 
bearings  only,  a  number  of  stations, 
properly  located  with  respect  to  the 
distances  over  which  operation  is 
desired,  can  be  grouped  together  in 
a  d-f  net  for  the  purpose  of  deter¬ 
mining  geographical  positions. 
These  positions,  or  “fixes”  as  they 


DlMctlon  Indicator  is  at  tho  right  in  this  interior  Tiew  of  an  SCR-291  direction- 
flndor  fhfwif  Recoiver.  control  poneL  and  telephone  panel  ore  rack-moonted  ot 
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Corp.  is  used  by  the  AACS.  It  pos¬ 
sesses  desirable  features  for  this 
operation.  It  is  semi-portable  and 
employs  a  U-Adcock  antenna  de¬ 
signed  for  fixed  station  use.  A 
cathode-ray  tube  and  a  motor- 
driven  goniometer  provide  instan¬ 
taneous  bearings  with  a  minimum 
of  the  operator’s  time  and  atten¬ 
tion. 

The  set  is  built  to  withstand  the 
effects  of  vibration,  concussion 
from  gunfire,  and  general  rough 
use.  When  used  for  direction  find¬ 
ing,  the  equipment  is  continuously 
variable  over  a  frequency  range  of 
from  2  to  10  Me,  while  its  average 
sensitivity  is  approximately  6  to 
16  microvolts  per  meter  for  a  ±2- 
deg  bearing  reliability.  The  indi¬ 
cations  of  the  d-f  set  are  continuous 
and  automatic — automatic  in  the 
sense  that  if  the  direction  of  the 
received  signal  should  shift  with 
respect  to  the  azimuth,  the  indica¬ 
tion  on  the  cathode-ray  screen 
would  shift  accordingly  without 
further  tuning  on  the  part  of  the 
operator. 


Through  the  operation  of  the 
goniometer,  the  cathode-ray  tube, 
and  their  associated  electrical  net¬ 
work,  a  visual  trace  pattern  is  pro¬ 
jected  on  the  face  of  the  tube.  The 
operator  tunes  the  signal  in,  reads 
the  two  directions  indicated,  deter¬ 
mines  the  true  direction  by  press¬ 
ing  the  sense  switch,  and  reports 
his  findings.  As  the  signal  is  repro¬ 
duced  in  visual  form,  all  searching 
for  aural  nulls  is  eliminated.  The 
operator  can  read  the  signal  as  he 
takes  the  bearing,  and  thus  deter¬ 
mines  the  type  of  transmission,  the 
strength  of  the  signal,  the  existing 
noise  level,  and  numerous  other 
wave  characteristics  Common  to 
radio  transmission. 

The  modified  U-Adcock-tsrpe  an¬ 
tenna  used  with  the  set  consists  of 
.  five  antenna  masts.  Four  are  in¬ 
stalled  on  the  comers  of  a  square 
measuring  approximately  25  ft.  on 
each  side,  and  provide  two  direc¬ 
tional  pairs  of  antennas.  The  fifth 
mast  is  placed  on  the  intersection 
of  the  diagonals  between  the  comer 
masts.  The  five  antennas  are  con¬ 


nected  to  the  goniometer  by  phase- 
inverter  coupling  units  and  r-f 
transmission  lines.  Each  phase-in¬ 
verter  coupling  unit  is  installed  be¬ 
tween  the  twin  coaxial  transmission 
lines  and  the  antenna  to  combine 
impedance  matching  and  aperiodic 
operation.  It  thus  provides  a  uni¬ 
form  transfer  of  energy  throughout 
the  entire  frequency  range  of  the 
equipment  with  minimum  attenua¬ 
tion  from  the  long  transmission 
lines. 

The  goniometer  is  a  series  of  r-f 
transformers  which  eliminate  the 
necessity  for  revolving  the  antenna. 
It  is  composed  of  six  specially  de¬ 
signed  coils,  the  coils  being  wound 
at  critical  angles  on  a  special 
stator.  The  coils  are  connected  to 
the  two  pairs  of  balanced  coaxial 
transmission  lines,  which  in  turn 
are  connected  to  the  antenna. 

The  coils,  arranged  so  as  to  elim¬ 
inate  the  need  for  slip  rings  and 
brushes,  which  are  often  delicate 
and  troublesome,  operate  in  con¬ 
junction  with  the  motor-driven 
rotor  to  provide  the  same  effect  as 
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that  obtained  by  rotating  the  an* 
tennas  manually.  With  the  signal 
properly  tuned  and  the  sensitivity 
adjusted,  there  appears  on  the 
cathode-ray  screen  a  pattern  sim¬ 
ilar  to  a  twin  leaf. 

The  sharpness  of  the  points  of 
this  pattern  depends  on  the  signal 
-polarization  and  the  effect  of  sur¬ 
rounding  structures  on  this  polar¬ 
ization.  The  twin-leaf  pattern  on 
the  screen  shows  both  the  true  bear¬ 
ing  and  its  180-deg  reciprocal.  To 
distinguish  the  true  bearing  from 
the  reciprocal,  the  fifth  antenna  is 
connected  through  the  goniometer 
so  as  to  change  the  appearance  of 
the  pattern  when  the  sense  switch  is 
pressed.  It  is  this  pattern  change 
which  indicates  the  true  or  actual 
direction  of  the  transmitting  agent. 

While  this  equipment  is  subject 
to  errors  resulting  from  conditions 
of  atmosphere  and  terrain,  it  has 
proved  quite  satisfactory  from  a 
mechanical  point  of  view,  and  is  so 
simple  in  operation  as  to  perform 
reasonably  accurately  even  when 
operated  by  relatively  inexperienced 
personnel. 

D«t*rMi«atieRS  PetsibI* 

The  operations  of  a  d-f  system 
are  usually  such  as  to  provide  one 


or  more  of  the  five  following  types 
of  bearing:  A  true  bearing  from 
the  d-f  station  to  the  transmitting 
agent,  a  true  bearing  from  the 
transmitting  agent  to  the  d-f  sta¬ 
tion,  a  magnetic  bearing  from  the 
d-f  station  to  the  transmitting 
agent,  a  magnetic  bearing  from  the 
transmitting  agent  to  the  d-f  sta¬ 
tion,  and  a  geographical  fix. 

The  first  of  these  are  two  bear¬ 
ings  secured  with  respect  to  true 
north;  the  third  and  fourth  are  ob¬ 
tained  with  respect  to  maghetic 
north.  Since  greater  simplicity  of 
net  operation  is  realized  when  re¬ 
ported  bearings  are  true  rather 
than  magnetic,  AACS  d-f  stations 
are  being  installed  and  oriented  so 
that  the  equipment  automatically 
furnishes  a  true  bearing. 

When  a  magnetic  bearing  is  de¬ 
sired,  the  operator  must  compute  it 
from  the  true  bearing  obtained  l)y 
the  equipment.  In  order  to  guard 
against  mistakes  on  the  part  of  op¬ 
erating  personnel,  there  is  being 
developed  a  simple  computer  which, 
once  it  has  been  set  to  the  magnetic 
declination  existing  at  the  station 
where  it  is  used,  will  automatically 
indicate  the  magnetic  bearing. 

The  ideal  site  for  a  direction 
finder  would  be  the  center  of  a  uni¬ 


form  plane  of  good  conductivity. 
This  type  is  rarely  found  in  prac¬ 
tice,  but  good  operation  can  be  ob¬ 
tained  from  the  average  site  if  the 
operator  is  acquainted  with  the 
compromises  that  cnnjbn  made. 

Inttaliatiea  Factors 

In  selecting  a  site,  the  final  cri¬ 
terion  is,  of  course,  the  actual  per¬ 
formance  of  the  d-f  station.  To 
save  time,  the  best  site  within  the 
area  in  which  the  d-f  station  is  to 
be  installed  is  selected  by  visual  in¬ 
spection.  Such  inspection  takes 
into  consideration  the  suitability 
of  the  site  with  regard  to  its  size 
and  shape,  its  receiving  qualities 
and  capabilities,  the  character  and 
homogeneity  of  the  soil,  and  the 
signal-to-noise  level. 

Proper  selection  of  the  d-f  site 
is  of  utmost  importance  to  the  ac¬ 
curate  operation  of  the  equipment. 
The  following  notes  will  serve  to 
illustrate  the  types  of  serious  error 
that  may  result  under  certain  con¬ 
ditions  : 

Coastal  Effects.  A  station  located 
a  few  miles  inland  will  find  unre¬ 
liable  such  bearings  as  are  secured 
on  radio  waves  which  cross  the 
coast  line  at  acute  angles. 

Topographical  Features.  Hills  or 
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mountains  adjacent  to  d-f  stations  neity  in  its  electrical  conductivity,  a  most  serious  problem  for  the 
often  produce  constant  or  iluctuat-  In  addition  it  frequently  has  been  AACS.  Its  stations  must  be  situ- 
ing  bearing  errors.  Sites  within  found  that  sites  which  visual  in-  ated  along  the  air  routes — in  moun- 

one  wavelength  of  cliiTs  or  large  spection  would  indicate  to  be  inade-  tainous  areas,  or  sandy  beaches,  in 

rocky  out-croppings  will  render  quate  furnish  quite  satisfactory  ice-covered  regions,  and  desert  ex¬ 
bearings  inaccurate  with  respect  to  bearings,  and  that  sites  which  seem  panses.  Operating  personnel  often 

wave-length,  angle  of  elevation,  and  to  be  ideal  produce  large  blearing  find  it  necessary  to  install  and  dis- 

azimuth.  errors.  This  is  due  to  a  number  of  assemble  d-f  equipment  many  times 

Adjacent  Structures.  Large  build-  technical  considerations  which  are  in  an  area  before  a  satisfactory  site 

ings,  overhead  wires,  metallic  too  involved  to  be  discussed  here.  can  be  found, 

fences,  and  trees  can  have  a  very  After  the  equipment  is  installed, 

appreciable  effect  on  the  accuracy  it  is  calibrated  before  being  put  Seop«  of  Oporation 

of  d-f  bearings.  Every  effort  is  into  regular  operation.  This  cali-  As  the  AAF  air  routes  encircle 
made  to  install  the  equipment  such  bration  is  effected  by  means  of  the  world,  the  AACS  expands  with 
a  distance  from  obstructions  of  this  either  a  target  transmitter,  distant  them.  These  routes  include  long 
nature  as  to  avoid  the  possibility  of  fixed  radio  stations,  aircraft,  or  any  flights  over  both  tropical  and  artic 
error.  combination  of  the  three.  oceans,  as  well  as  overland  flights 

Ground  Characteristics.  A  uni-  The  equipment  at  AACS  d-f  sta-  through  dangerous  jungle  and 
form,  highly-conductive  soil  acts  tions  is  calibrated  by  having  an  air-  mountainous  countries, 
as  a  mirror  for  radio  waves,  thus  plane  circle  the  set  at  a  distance  of  Installation  of  the  individual  sta- 
attenuating  the  abnormally  polar-  approximately  10  miles.  The  bearing  tions  has  progressed  to  such  a  point 
ized  components  of  the  wave  and  of  the  airplane  is  observed  visually  that  in  the  very  near  future  an 
preventing  path  distortion  of  the  through  a  surveyor’s  transit  or  a  army  pilot  will  be  able  to  fly  almost 
incoming  wave.  For  this  reason  flat,  theodolite,  and  a  d-f  bearing  is  ob-  anywhere  in  the  world  and  expect  a 
salt  marshland  is  far  more  desir-  tained  at  the  same  time.  This  proc-  reply  to  his  request  for  a  bearing, 
able  for  d-f  purx)oses  than  other  ess  is  completed  at  4  or  5  degrree  One.  of  the  major  problems  con- 
types  of  soil.  Practical  difficulties  intervals  for  360  degrees  of  the  cerns  the  communications  system  to 
normally  encountered  in  such  areas,  compass,  after  which  an  error  curve  be  employed  for  collecting  the  indi- 
however,  usually  preclude  their  use  is  prepared  from  the  differences  vidual  bearings  for  plotting  pur- 
as  d-f  sites.  Rocky  or  sandy  soil  is  noted  in  the  two  sets  of  bearings,  poses.  It  goes  without  saying  that 
most  unsuitable  for  d-f  work  by  It  is  readily  apparent  that  the  such  a  system  must  be  rapid  and 
reason  of  changes  and  non-homoge-  proper  selection  of  sites  constitutes  efficient  if  it  is  to  provide  a  fix  to 
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Typical  aclIOB  scqacnc*  of  a  not  follows  tho  notattons  on 
fkls  cbort  Aircraft  at  nppor  right  mokss  inittol  coll  for  d-f  fix 
and  stotion  G  olorts  all  other  stations  in  ths  not  on  poinMo- 
point  froqnoncios  or  land  linos.  NoxL  the  coUod  station  (G) 
ro<inosts  the  aircraft  to  transmit  coll  signs  and  dashes  (QTN) 
by  which  oil  net  stations  obtoln  bearings  (QTE)  and  report 


them  to  the  eTolnotlon  net  control  station  (H)  where  geo¬ 
graphical  fix  is  plotted.  Finally,  the  fix  Is  reported  (QTF) 
directly  to  the  ahrerait  if  contact  can  be  establishedr  or  other¬ 
wise  to  the  originoting  station.  If  the  plane  has  croshed  or  If 
the  transmitter  is,  on  o  life  raft  the  is  reported  directly  to 
the  oir-sea  rescue  detachment  nearest  the  fix  (QTF) 


an  airplane  before  the  ship  has 
trareled  too  far  from  the  point  at 
which  individual  bearings  were 
haken.  While  the  most  satisfactory 
method  would  prescribe  separate 
communications  facilities  for  each 
net  installed,  in  terms  of  world-wide 
coverage  this  becomes  impractical, 
expensive,  and  undesirable,  particu¬ 
larly  where  there  are  already  in  ex¬ 
istence  AACS  radio  stations  which 
might  be  used  for  this  purpose. 

Procedures  have  been  established 
to  permit  certain  existing  radio  sta¬ 
tions  to  act  during  d-f  operations  as 
communication  agents  for  d-f  nets 
in  addition  to  fulfilling  their  regu¬ 
lar  operational  requirements.  This 
has  w(^ked  quite  satisfactorily  up 
to  the  present. 

It  should  require  usually  only  a 
matter  of  a  few  minutes — seldom 
over  ten — ^from  the  time  an  aircraft 
requests  a  geographical  fix  to  the 
time  the  fix  is  delivered  to  it. 

•  Further  difiiculties  involve  the 
proper  interpretation  of  ionos¬ 
pheric  effects  on  the  incoming  sig- 
ais.  While  this  problem  can  never 
be  completely  solved,  action  has 
been  initiated  which  will  lessen 
these  effects. 

'  The  program  planned  by  the 
AACS  is  concerned  primarily  with 
long-range  operation  employing  the 


sky  wave.  The  ionospheric  or  Heavi¬ 
side  layer  reflects  the  high-fre¬ 
quency  waves  back  to  the  earth  and 
certain  disturbances  in  this  region 
tend  to  affect  these  reflections  by 
distorting  or  blocking  them.  As  it 
will  at  once  be  seen,  this  is  of  great 
importance  since  d-f  equipment, 
which  indicates  only  the  direction 
from  which  the  incoming  signal  is 
being  received,  will  translate  into 
bearings  both  accurate  signals  and 
those  that  are  reflected  inaccurately 
from  the  ionospheric  regions. 

Ionospheric  sounding  stations  lo¬ 
cated  strategically  throughout  the 
world  will  aid  in  solving  this  prob¬ 
lem  by  providing  forecasts  of  io¬ 
nospheric  conditions  to  be  expected 
in  various  areas  and  thus  permit  a 
more  accurate  interpretation  of* 
bearings  affected  by  these  condi¬ 
tions. 

Still  another  major  problem  was 
presented  with  regard  to  the  proper 
frequencies  for  d-f  operation.  The 
distance  between  the  end  of  the 
ground  wave  and  the  beginning  of 
the  reflected  sky  wave  is  called  the 
skip  zone.  Within  this  skip  zone, 
communications  are  said  to  be  im¬ 
possible,  but  sporadic  E  conditions, 
scattered  reflections  or  ionospheric 
storms  often  permit  communica¬ 
tion  in  part  or  all  of  the  zone.  Bear¬ 


ings  obtained  from  transmissions 
within  this  space,  however,  are 
faulty  and  require  correction  by 
means  of  skip  distance  charts  pre¬ 
determined  for  each  frequency  dur¬ 
ing  each  of  the  six  £uur-hour  peri¬ 
ods  of  the  day. 

Most  reflections  are  controlled  by 
the  F»  layer.  This  is  the  layer  nearer 
the  sun  and  for  that  reason  is 
ionized  to  a  greater  degree.  Some¬ 
times  during  daylight  hours,  how¬ 
ever,  the  E  layer  (the  one  nearer 
the  earth)  controls  these  reflec¬ 
tions.  In  plotting  frequency-skip 
curves,  the  maximum  usable  fre¬ 
quencies  and  the  optimum  working 
frequencies  are  first  found  for  each 
ionized  layer.  The  optimum  work¬ 
ing  frequenceis  for  each  four-hour 
period  are  then  compared.  The 
layers  possessing  the  larger  num¬ 
ber  of  optimum  working  frequencies 
are  then  selected  as  the  controlling 
layers  for  the  various  four-hour 
periods. 

Skip-distance  charts  are  being 
prepared  to  enable  d-f  evaluators  of 
each  net  plotting  station  to  ascer¬ 
tain  the  frequency  characteristics 
of  the  satellite  stations  whose  bear¬ 
ings  it  receives  for  evaluation. 

As  previously  stated,  the  greatest 
benefit  to  be  derived  from  direction 
finding  is  the  position  fixing  of  air- 
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craft  ia  flight  In  order  to  use  its 
equipment  to  the  fullest  in  the  ac¬ 
complishment  of  this,  the  AAGS 
first  assigns  to  the  various  air 
routes,  areas  of  1000  to  1500  miles 
in  diameter.  It  then  establishes 
within  each  area  a  net  consisting 
usually  of  flve  or  six  strategically- 
located  individual  reporting  sta¬ 
tions  and  a  central  plotting  station. 

The  reporting  stations  will  be 
from  100  to  600  miles  apart,  depend¬ 
ing  upon  the  suse  of  the  area.  In 
many  cases,  of  course,  it  is  impos¬ 
sible  to  install  these  individual  sta¬ 
tions  at  ideal  distances,  either  be¬ 
cause  locations  cannot  be  found  (as 
in  mid-ocean)  or  because  point-to- 
point  communications  do  not  exist 
or  cannot  be  used. 


Operotiea  of  Nets 

The  most  desirable  arrangement 
for  net  stations  in  an  operational 
area  lOflO  miles  in  diameter  consists 
of  a  reporting  d-f  station  installed 
on  each  comer  of  a  square  measur¬ 
ing  600  miles  on  each  side.  The 
evaluation  station  with  its  ad¬ 
jacent  d-f  reporting  station  (the 
fifth  in  the  net)  should  be  lo¬ 
cated  at  the  intersection  of  the 
diagonids  between  the  comers. 
Such  an  arrangement  is  seldom  if 
ever  possible  in  actual  practice,  and 
over  long  ocean  routes  and  in  for¬ 
eign  countries  the  right-angle  bear¬ 
ings  so  important  to  plotting  a  fix 
are  sometimes  unobtainable. 

A  geographical  fix,  to  be  accur¬ 
ate,  must  have  a  series  of  inter¬ 
secting  base  lines  (individual  bear¬ 
ings)  from  angles  as  widely  sep¬ 
arated  as  possible.  If  each  of  them 
is  accurate,  only  four  or  five  bear¬ 
ings  are  needed  to  provide  an  ex¬ 
cellent  fix.  A  larger  number  of 
bearings  would  prove  cumbersome 
and  retard  the  speed  of  net  opera¬ 
tion.  On  the  other  hand,  if  the  di¬ 
rection  finders  furnishing  these 
four  or  five  bearings  are  not  prop¬ 
erly  located,  the  resultant  fix  will 
suffer  in  accuracy. 

For  example,  let  us  assume  that 
a  net  of  six  stations  has  been  placed 
in  operation  and  that  these  stations 
are  spaced  from  200  to  400  miles 
apart  in  a  fairly  straight  line.  A 
very  satisfactory  fix  could  be  given 
to  an  aircraft  located  approximately 
SOO  miles  out  on  a  line  perpendicu¬ 
lar  to  the  axis  line  drawn  between 
the  stations — if  a  majority  of  the 


Grounol  calibration 
■Air  calibration 


GiooBd  and  air  callbiotion  procodoras  produce  two  mIb  oI  iiguros  which  aro 
plotted  on  circular  or  Unoor  iomu  to  ihow  orror  in  dogroM  around  station,  h 
third  curro  is  later  added  to  represent  compute  orerage  error 


cannot  be  accurately  determined 
unless  bearings  are  obtained  from 
two  or  more  nets.  The  procedure 
governing  operation  of  nets  has 
therefore  been  developed  to  include 
regulations  for  inter-net  coordina¬ 
tion. 

It  thus  becomes  possible  to  obtain 
individual  bearings  necessary  for  a 
fix  from  all  d-f  stations  receiving 
the  transmitted  signal  and  to  re¬ 
port  such  bearings  to  the  plotting 
station  concerned.  Inter-net  oper¬ 
ation  does,  it  is  trae,  involve  a 
greater  time  loss,  but  this  delay  is 
justified  by  the  importance  of  satis¬ 
factory  operating  coverage. 


stations  obtained  accurate  bearings. 

On  the  other  hand,  if  the  aircraft 
were  800  miles  from  the  axis  line, 
a  poor  fix  would  result  unless  other 
nets  were  employed  to  provide  the 
necessary  right-angle  base  lines. 

In  this  assumed  net  an  airplane 
proceeding  along  the  axis  line  join¬ 
ing  these  stations  would  be  in  such 
a  position  that  it  would  be  almost 
impossible  for  the  stations  to  se¬ 
cure  a  good  fix,  again  because  of 
absence  of  right-angle  base  lines. 

It  is  clear,  then,  that  care  must 
be  taken  to  locate  the  various  instal¬ 
lations  so  that  they  can  provide 
multilateral  coverage.  To  obtain 
this  coverage  it  has  been  necessary 
to  set  up  installations  at  points  lo¬ 
cated  well  off  the  established  air 
routes.  This  provides  sufficient 
depth  to  offset  the  detrimental  fac¬ 
tor  of  skip  distance  and  provide 
right-angle  base  lines  in  a  greater 
number  of  cases. 

It  is  possible,  of  course,  that  more 
than  one  net  may  be  operating 
along  the  same  air  route.  Under 
these  conditions  it  will  sometimes 
happen  that  an  aircraft  requesting 
a  fix  is  so  located  that  its  position 


Traeklag  CiMrh  for  Plettiag  Plxm 

The  success  of  a  d-f  net  system 
depends  in  large  measures  on  the 
type  of  chart  employed  in  plotting 
the  individual  bearings.  As  AAGS 
operations  were  planned  to  cover 
larger  distances,  the  gnomonie  pro¬ 
jection  t3ri>e  chart  was  selected  for 
this  purpose. 

A  gnomonie  chart  is  a  projection 
of  a  given  area  of  the  surface  of 
the  world  as  it  would  appear  if 
viewed  from  the  center  of  the  earth. 


Direction-finding  stations  are 
shown  in  their  proper  locations  in 
a  particular  area  and  provided  with 
compass  roses  arranged  so  that  a 
straight  line  drawn  from  any  sta¬ 
tion  through  its  corresponding  com¬ 
pass  rose  will  result  in  a  true  great 
circle  path. 

The  evaluating  or  plotting  station 
of  each  net  is  furnished  with  gno¬ 
mon  ic  tracking  charts  which  repre¬ 
sent  the  area  covered  by  its  net 
and  include  the  d-f  stations  with 
their  compass  roses.  As  the  bear¬ 
ings  are  reported  by  the  reporting 
Stations  they  are  entered  on  one  of 
these  tracking  charts  ard  evaluated 
into  a  fix. .  Since  a  new  copy  of  the 
chart  is  used  for  each  fix  requested, 
there  is  provided  a  permanent  rec¬ 
ord  of  all  fixes  evaluated  by  each 
plotting  station. 

The  making  of  these  tracking 
.charts  is  a  most  complicated  and 
detailed  process.  The  AACS  is  for¬ 
tunate  in  having  its  charts  prepared 
by  both  the  Hydrographic  Ofltee  of 
the  Navy  Department,  and  the 
Aeronautical  Chart  Service  of  the 
Army  Air  Forces,  to  which  it  sends 
data  as  new  charts  are  required. 

Tlii«9s  to  Com* 

Since  the  beginning  of  the  war, 
stories  have  been  told  in  great  num¬ 


emergency  transmitters  will  un¬ 
questionably  prove  of  tremendoua 
assistance  to  the  men  who  must 
make  the  long,  dangf^rous  fligbiB 
that  are  inevitable  m  this  war. 


ber  of  people  drifting  helplessly  for 
days  on  a  tiny  life  raft  in  the  mid¬ 
dle  of  the  ocean.  Happily,  some  of 
them  have  lived  to  recount  the  hor¬ 
rors  of  their  experiences.  When  a 
ship  is  sunk  or  an  airplane  forced 
down  on  the  water,  the  survivors 
can  only  wait  in  lifeboats  or  rafts 
until  they  are  discovered  by  search¬ 
ing  parties  or  a  passing  ship. 

Imagine  then  what  it  would  mean 
under  such  conditions  to  haVe  an 
emergency  transmitter,  capable  of 
long  distance  communications,  par¬ 
ticularly  if  shore-based  direction 
finders  could  obtain  a  fix  on  its 
transmission.  The  AAF  is  develop¬ 
ing  a  program  to  provide  such 
transmitters.  , 

The  apparatus  is  powered  by  a 
manually-operated  generator,  and 
when  used  on  a  high  frequency  will 
operate  over  considerable  distances. 
Equipped  with  this  set,  a  party  in 
a  life  raft  will  be  able  to  transmit 
signals  from  which  shore-based  di¬ 
rection  finders  can  compute  a  geo¬ 
graphical  fix — ^to  be  sent  immedi¬ 
ately  to  the  nearest  sea  rescue  or¬ 
ganization. 

The  same  method  is  employed  to 
secure  bearings  and  determine  a 
geographical  fix  on  a  life  raft  as  on 
an  aircraft  in  flight,  and  the  large- 
scale  production  of  the  proposed 


The  many  and  complex  problems 
inherent  to  the  placing  in  effect  of 
such  a  huge  program  are  too  de¬ 
tailed  to  be  treated  at  any  length  in 
this  discussion.  By  the  very  nature 
of  its  operations,  which  must  be  ac¬ 
curate  in  the  extreme,  radio  direc¬ 
tion-finding  suffers  from  conditions 
which  do  not  prove  deleterious  to 
the  efficiency  of  ordinary  radio  com¬ 
munications. 

Some  of  these  conditions  can  in 
certain  instances  be  anticipated  and 
thus  corrected  or  minimized.  Others 
must  remain  factors  constantly  lim¬ 
iting  the  consistent  accuracy  and 
efficiency  of  the  equipment. 

Fully  conscious  of  these  limita¬ 
tions  and  the  difficulties  it  will  have 
to  face,  the  AACS  continues  to  ex¬ 
pand  its  facilities.  The  value  of 
direction-finding  in  emergencies,  in 
aiding  disabled  or  lost  aircraft, 
more  than  compensates  for  every 
expenditure  of  time,  money,  and 
energy  incidental  to  the  installa¬ 
tion  and  operation  of  the  equip¬ 
ment. 
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M*thod  of  edr-colibrating  a  d-f  ilotion  IiitoIt**  a  thoodoUt*  ot 
point  S  ond  on  aircraft  flying  at  5000-ft.  oltitud*  10  mil**  from 
th*  d-f  stotien.  Soqnonc*.  which  i*  r*p*ot*d  thronghont  i*  oi 
followM  Fram  A  to  g,  oireraft  tranamite  a  Mri*i  of  lingl*  dots 


whil*  opproaching  conrs*.  From  B  to  C.  O  to  £.  and  F  to  A. 
whll*  on  conrs*.  t*n  s*cond  dash*s  or*  srat.  From  C  to  P 
or*  transmltt*d  a  B*ri*s  of  two  dots  and  from  £  to  F«  a  sorts* 
of  thro*  dots 
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RTPB  on  FM 


Panel  5  reaffirms  existing  standards  of  transmission, 
and  proposes  allocation  of  a  continuous  band  of  80 
to  100  channels,  each  200  kc  wide,  from  40  Me 
upward.  Bursts’’  and  multipath  distortion  are  found 
to  be  of  minor  importance 


Ths  V-H-F  Broadcasting. Panel 
of  the  Radio  Technical  Plan¬ 
ning  Board  has  issued  its  report  on 
post-war  plans  for  frequency  modu¬ 
lation.  The  Panel  recommendations 
make  no  break  with  past  practice, 
since  all  the  basic  standards  of 
transmission  are  reaffirmed,  and  one 
additional  standard  proposed.  In 
the  matter  of  proposed  frequency 
assignments,  a  conflict  arises  with 
the  previous  recommendations  of 
the  RTPB  Television  Panel,  in  the 
region  of  60  to  60  Me.  Here  the  pro¬ 
posals  of  the  two  groups  overlap 
somewhat,  with  the  amateurs  sand¬ 
wiched  in  between. 

R*coBHn*BdQfieiit 

The  specific  recommendations  of 
the  FM  Panel  are  as  follows:  (1) 
Frequency  modulation  is  the  system 
best  suited  for  v-h-f  broadcasting. 
(2)  The  f-m  broadcast  band  should 
extend  upward  from  approximately 
40  Me.  ^3)  The  width  of  each  f-m 
channel  should  be  200  kc  (this  im¬ 
plies  76  kc  maximum  frequency 
swing  and  16,000  cps  maximum  au¬ 
dio  frequency).  (4)  From  80  to 
100  channels  are  necessary  for  a 
national  allocation,  allowing  for  ed¬ 
ucational  stations  as  well  as  com¬ 
mercial  broadcasters.  (5)  The  di¬ 
rection  of  polarization  should  be 
horizontal. 

Sudden  increases  of  signal 
strength  lasting  from  a  fraction  of 
a  second  to  several  seconds  have 
been  noticed  recently  on  distant 
stations  operating  in  the  40  to 
50-Mc  band,  due  possibly  to  reflec¬ 
tions  from  ionized  patches  caused 
by  the  passage  of  meteors.  It  was 
argued  that  the  existence  of  such 
bursts  of  interference,  as  well  as 
the  probable  increase  of  long-dis¬ 
tance  propagation  at  times  of  sun¬ 
spot  maximum  (every  eleven  years) 


would  cause  difficulty  to  f-m  service 
if  the  present  region  between  40  to 
60  Me  were  preserved  for  future 
use.  The  issue  was  finally  referred 
to  Dr.  J.  H.  Dellinger  of  the  Bu¬ 
reau  of  Standards,  .who  reported 
that  the  existence  of  short  bursts  of 
long-distance  interference  is  prob¬ 
ably  closely  connected  with  sporadic 
E  reflections  in  the  ionosphere,  and 
thus  not  connected  with  the  sunspot 
cycle.  In  any  event,  he  stated,  the 
effects  were  not  prevalent  enough 
to  impair  the  value  of  the  fre¬ 
quencies  seriously.  He  stated  fur¬ 
ther  that  no  frequency  in  the  spec¬ 
trum  can  be  said  to  be  free  of  trans¬ 
mission  vagaries. 

The  Panel  discussed  at  some 
length  the  multipath  distortion 
effects  reported  by  DuMont,  which 
arise  when  a  wave  reflected  from  a 
building  or  other  structure  arrives 
at  a  receiver  in  strength  coippar- 
able  to  that  of  the  directly  propa¬ 
gated  wave,  causing  wave  cancella¬ 
tion  and  a-f  distortion.  The  panel 
came  to  the  same  conclusion  reached 
earlier  by  the  Television  Panel, 
namely  that  such  effects  could  be 
found,  but  that  they  were  not  suffi¬ 
ciently  prevalent  to  warrant  any 
change  in  the  method  of  modulation 
or  in  the  frequency  swing. 

ChaBii«l  Width 

A  reduction  of  the  channel  width 
from  200  kc  to  100  kc  was  discussed 
at  length.  The  advantages  claimed 
are  reduction  in  the  amount  of 
ether  space  for  the  required  80  to 
100  channels,  consequent  improve¬ 
ment  in  image  rejection,  reduction 
in  multipath  interference  effects, 
and  higher  gain  per  stage  in  i-f 
amplifiers  without  loss  in  interchan¬ 
nel  selectivity.  The  disadvantages 
are  a  loss  of  6  db  in  signal-to-noise 
ratio  throughout  the  service  area. 


a  reduction  of  the  service  area  with¬ 
in  which  60-db  maximum  signal- 
to-noise  ratio  could  be  realized  at 
the  receiver,  and  a  two-to-one  de¬ 
crease  in  the  permissible  frequency 
tolerance  of  the  local  oscillator  in 
push-button  operated  receivers.  The 
possibility  of  multiplex  operation 
on  the  f-m  channel  would  also  be 
removed  if  the  channel  were  re¬ 
duced. 

It  was  brought  out  that  the  opti¬ 
mum  frequency  swing  for  60-db 
maximum  signal-to-noise  ratio  (as¬ 
suming  a  maximum  modulating 
frequency  of  16,000  kc)  is  about 
126  kc,  a  figure  considerably  greater 
than  the  76-kc  swing  now  used  and 
proposed  for  future  standardiza¬ 
tion.  The  126-kc  swing  permits  the 
greatest  area  to  be  served  with  60 
db  signal-to-noise  ratio.  Smaller 
swings,  e.g.,  75  kc,  serve  a  smaller 
area  with  this  signal-to-noise  ratio, 
but  a  larger  area  with  somewhat 
lower  signal-to-noise  ratio.  The 
choice  is  thus  a  compromise  be¬ 
tween  space  used  in  the  spectrum 
and  area  covered  with  the  desired 
low  level  of  noise  interference. 

The  proposed  number  of  channels 
for  a  national  allocation,  80  to  100 
channels,  is  based  on  a  service  com¬ 
parable  in  scope  to  the  present  sys¬ 
tem  of  standard  broadcasting,  in 
which  105  channels  are  available. 
The  greater  interference  radius  of 
the  standard  broadcasting  frequen¬ 
cies  makes  it  impossible  to  provide 
noise-free  service  from  all  stations,* 
particularly  at  night.  Therefore  a 
smaller  number  of  f-m  channels  can 
be  expected  to  give  an  equal  or 
greater  choice  of  program  with  vir¬ 
tually  no  interference  at  any  time. 
Of  the  channels  proposed,  about  15 
are  expected  to  be  reserved  for  edu¬ 
cational  stations. 

The  proposal  to  standardize  on 
horizontal  polarization  is  a  distinct 
step  forward,  and  should  ultimately 
correct  the  present  situation  in 
New  York,  where  eight  f-m  stations 
are  about  equally  divided  between 
vertical  and  horizontal  polarization, 
making  it  difficult  if  not  impossible 
to  obtain  optimum  reception  from 
all  stations  with  a  single  receiving 
antenna. 
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Frequency-Shift 

Radiotelegraph 


Frequency-shift  transmission  of  telegraph,  teletype,  facsimile  and  radio-photograph 
signals  provides  the  advantages  of  f-m  over  a-m  without  the  usual  increase  of  band¬ 
width.  A  special  circuit  eliminates  the  effect  of  mean-frequency  drift.  A  limiter  that 

is  free  from  loading  and  transients  is  described 


COlfMERCiAL  radio  communica¬ 
tion  by  Morse  Code  has  been 
standard  since  the  advent  of  radio. 
The  dot-dash  system  has  never  been 
entirely  superseded  by  voice. 
Though  code  has  its  drawbacks  and 
>  is  subject  to  error  in  transmission, 
and  requires  highly  schooled  per¬ 
sonnel,  it  is  still  the  basic  means 
of  handling  high-speed  commercial 
and  press  trafiSc. 

Anyone  who  has  operated  on 
noisy  long-distance  circuits  real¬ 
ises  how  much  more  accurate  it  is 
to  receive  by  ear  than  by  automatic 
slip  recorders.  When  the  signsd  is 
strong  and  no  noise  is  present,  tre¬ 
mendous  speeds  may  be  attained  by 
using  automatic  equipment,  but  if 
the  noise  level  rises,  automatic 
equipment  fails,  speeds  decrease 
and  manual  operation  must  take 
over;  traffic  piles  up. 

Developments  over  the  past  five 
years  have  produced  a  new  system 
of  automatic  code  transmission  and 
reception  which  performs  elec¬ 
tronically  what  the  human  ear  or 
brain  does  with  a  signal  in  the 
presence  of  noise.  This  system 
reaches  in  and  picks  out  the  signal 
despite  the  noise. 


Neb*  SiipprMsioB  Without  Incroosod 
laadwidth 


Everyone  is  familiar  with  the  im¬ 
provements  in  signal-to-noise  level 
in  broadcasting  that  frequency 
modulation  provides  over  ampli¬ 
tude  modulation.  Frequency  modu¬ 
lation  presents  only  one  disadvan¬ 
tage,  the  required  bandwidth  is 
over  ten  times  that  required  for 
a-m  systems.  Developments  in  the 


transmission  of  telegraph  signals 
are  now  being  made  which  ar^ 
analogous  to  f-m  broadcasting.  In¬ 
stead  of  keying  a  carrier  on  and  off 
to  designate  the  mark  and  space  of 
telegraph  signals,  the  t):*ansmitter 
maintains  radiation  at  full  power, 
but  the  carrier  is  shifted  back  and 
forth  between  two  distinct  fre¬ 
quencies  to  designate  mark  and 
space.  The  same  beneficial  reduc¬ 
tion  in  signal-to-noise  ratio  is  de¬ 
rived  in  transmitting  telegraphy 
in  this  manner  as  is  derived  from 
f-m  broadcasting.  However,  in  re¬ 
gard  to  bandwidth  the  analogy  fails. 
The  bandwidth  required  by  fre¬ 
quency-shift  transmission  is  no 
greater  than  that  required  by  the 
carrier  make  and  break  system. 

This  new  type  of  transmission  is 
not  only  applicable  to  the  transmis¬ 


sion  of  telegraph  signals,  but  can 
also  be  used  for  transmission  of 
teletype  mark  and  space  signals,  or 
for  facsimile  where  one  radiated 
frequency  corresponds  to  black  and 
the  other  to  white.  This  ssrstem 
can  be  extended  further  to  the 
transmission  of  radio  photographs. 
In  this  application  the  half  tones 
are  represented  by  frequencies  in¬ 
termediate  between  the  extreme 
black  and  white  frequencies. 

Early  Us*  of  Froquoney-Skift 

Frequency  -  shift  transmission 
was  used  long  before  it  was  recog¬ 
nized  as  such.  In  the  days  of  arc 
transmitters  it  was  impossible  to 
interrupt  the  arc  in  accordance 
with  telegraph  signals,  so  instead 
the  frequency  of  the  transmitter 
was  shifted  during  the  spate.  Here 


Front  panel  of  froqnoncy>«hlft  tronunittor  ter¬ 
minal  equipment  used  by  Press  Wireless.  Inc. 
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was  true  frequency-shift  transmis¬ 
sion,  but  at  the  receiver  no  use  was 
made  of  the  all-important  space 
wave.  By  the  late  1930’s  the  ad¬ 
vantages  which  seemed  inherent  in 
this  system,  were  being  developed 
in  the  laboratory. 

When  the  Bjrrd  South-Pole  ex¬ 
pedition  of  1989-1940  was  about  to 
leave,  equipment  from  Press  Wire¬ 
less  laboratories  was  rushed  into 
readiness  and,  with  Times  Wide 
World  wirephoto  equipment,  was 
sent  along  with  the  expedition. 
Pictures  published  in  daily  news¬ 
papers  during  the  expedition  gave 
ample  proof  of  the  effectiveness  of 
this  type  of  transmission.  Pictures 
coming  over  8000  miles  from  a 
small  600-watt  transmitter  were  re¬ 
ceived  with  the  clarity  of  standard 
wirephoto  pictures.  Further  de¬ 
velopments  were  made  over  circuits 
from  Berlin,  Moscow,  London  and 
Chungking.  Such  transmissions 
are  now  commonplace. 

Frequency-shift  transmission  for 
radio  telegraph  was  slower  in  com¬ 
ing,  but  when  it  was  proved  that  a 
20-db  increase  in  signal-to-noise 
ratio  was  available,  the  system  was 
applied  to  this  service.  Now  many 


commercial  circuits  are  operating 
both  telegraph  and  telet3rpe  by 
means  of  carrier  shift. 

Fr«qaraey-9hift  Traasnitt«r 

Several  types  of  carrier-shift 
equipment  are  being  used.  The 
transmitting  equipment  developed 
by  Press  Wireless,  Inc.  takes  en¬ 
ergy  from  a  crystal  oscillator  and 
beats  it  against  an  extremely  stable 
self-excited  200-kc  oscillator.  The 
frequency  of  the  self-excited  oscil¬ 
lator  is  shifted  by  the  signal  which 
is  to  be  transmitted,  being  increased 
in  frequency  on  mark  and  decreased 
on  space. 

The  incoming  signal,  usually  in 
the  form  of  a  square  wave,  is  M- 
tered  to  eliminate  frequencies 
higher  than  the  third  harmonic  of 
the  highest  keying  frequency  re¬ 
quired.  The  filter  must  be  designed 
so  that  the  fundamental  to  third 
harmonic  phase  relation  is  not 
changed.  Such  filtering  introduces 
only  1.35  percent  characteristic  dis¬ 
tortion,  and  aids  in  reducing  the 
bandwidth  which  must  be  trans¬ 
mitted.  • 

From  the  output  of  the  mixer 
stage  of  the  crystal  oscillator  and 


Rear  riaw  oi  ir*qii«nc7-«hUt  tranamiH*r  unit 
thowinq  crystal  OTsn  and  shiiting  oscillator 


the  self-excited  oscillator,  the  up¬ 
per  side  band  is  selected  and  applied 
to  doublers  and  power  amplifier 
stages  of  the  transmitter,  and  radi¬ 
ated  on  frequencies  varying  sym¬ 
metrically  about  the  assigned  fre¬ 
quency. 

A  frequency  shift  of  850  cycles 
has  been  adopted  as  standard  be¬ 
cause  it  gives  the  best  compromise 
between  signal-to-noise  level  and 
bandwidth.  However,  this  shift  is 
varied  between  400  cycles  and  1200 
cycles  for  special  services.  For  ex¬ 
ample,  high-speed  facsimile  and 
photograph  services  use  a  1200- 
cycle  shift. 

TroRsmittien  landwidth 

(Consider  the  bandwidth  for  the 
case  of  teletype,  the  signal  for 
which  is  a  23-cycle  fundamental 
and  a  third  harmonic  of  one-third 
the  fundamental  amplitude.  If  the 
carrier  were  keyed  make  and  break 
by  this  signal,  the  ideal  bandwidth 
would  be  twice  the  third  harmonic 
frequency,  or  138  cycles.  Such  a 
narrow’  band  is  never  attained  be¬ 
cause  the  amplifier  stages  of  the 
transmitter  tend  to  square  the  key¬ 
ing  signal.  The  best  possible  trans¬ 
mitter  adjustment  will  require  a 
bandwidth  of  approximately  1200 
cycles.  Only  side  bands  greater 
than  40  db  below  the  unmodulated 
carrier  levei  are  considered  in  this 
value.  If,  on  the  other  hand,  the 
carrier  is  shifted  850  cycles  by  the 
teletype  signal,  the  emitted  band¬ 
width  is  1100  cycles.  Were  the  car¬ 
rier  shift  reduced  to  250  cycles  with 
the  same  signal,  the  emitted  band¬ 
width  would  be  only  480  cycles. 
Thus  frequency  shift  can  result  in 
a  much  lower  bandwidth  than  car¬ 
rier  make-break. 

The  calculation  of  frequency- 
shift  bandwidth  is  comparatively 
simple.  Assume  that  the  carrier  is 
shifting  from  mark  to  space  fre¬ 
quencies  sinusoidally,  for  teletypa 
at  a  frequency  of  23  cps.  This  ia 
equivalent  to  frequency  modulation 
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To  limiter  and  band' 


filter 


quency-shift  transmission  are  sim¬ 
ilar  in  principle,  but  ude  different 
types  of  equipment 
Press  Wireless,  Inc.  uses  an  a-m 
communications  receiver  which  re¬ 
ceives  the  radio  signal  and  delivers 
an  audio  beat  note~tO‘ a  band-pass 
filter.  The  beat  note  shifts  in  fre¬ 
quency  about  a  mean  frequency  of 
2550  cycles  in  accordance  with  the 
transmitter  frequency  variations. 
The  band-pass  of  the  filter  must  be 
wide  enough  to  pass  not  only  the 
two  frequencies  between  which  the 
audio  beat-note  shifts,  but  also  all 
sidebands  produced  by  the  fre¬ 
quency  modulation  which  are  one- 
tenth  or  more  of  the  carrier  level. 
It  must  also  be  wide  enough  to  tol¬ 
erate  possible  transmitter  or  re¬ 
ceiver  drift.  Noise  signals  outside 
the  band  are  not  completely  elimi¬ 
nated  but,  due  to  filter  transients, 
are  reintroduced  as  signals  of  much 
lower  amplitude  and  at  frequencies 
within  the  filter  pass-band. 


FIO.  W— Trrmri— >4>—  lialtor  ia  wUch  th*  &nt  Mctton  of  di*  doubl*  Mode 
Unlli  th*  Mfall^*  yoki.  and  th*  ■*coBd  Mctloa.  cothod*-coapl*d  to  th*  ilrat 
UmUs  th*  posiliv*  p*aks 


Tra«si**t-Fr**  LtmiHr 

From  the  filter,  the  signal  goes 
to  a  power  limiter.  The  require¬ 
ments  of  this  limiter  are  much  more 
stringent  than  those  of  the  rf 
limiter  used  in  f-m  broadcasting 
because  the  carrier  and  intelli¬ 
gence  frequencies  are  comparable. 
Thus  transients  must  be  extremely 
short  compared  to  both  carrier  and 
intelligence  frequencies. 

Such  a  limiter  is  shown  schemati¬ 
cally  in  Fig.  1.  The  tube  is  a  dual 
high-mu  triode.  Consider  the  effect 
of  a  high-amplitude  signal  applied 
through  capacitor  Ci  to  the  grid  of 
the  first  section.  Small  negative 
voltages  cut  off  the  tube  and  so  the 
voltage  across  Rt  due  to  current  in 
the  first  triode  is  zero  during  most 
of  the  negative  half  cycle.  The  load 
resistance  of  the  generator  is  only 
Ri.  As  the  grid  swings  positive 
with  respect  to  ground,  the  tube 
space  current  increases,  increasing 
the  voltage  across  Rt.  Rt  is  made 
sufficiently  large  so  that  at  no  time 
does  grid  voltage  exceed  cathode 
voltage.  Thus  the  grid  never  goes 
positive  with  respect  to  its  cathode, 
and  the  generator  load  is  still  only 
Ru  Since  no  grid  current  flows,  no 
charge  appears  on  Cx  which  must 
leak  off  through  Ri  in  accordance 
with  the  time  constant  Rx  Cx.  There- 
The  receiving  systems  of  various  fore  the  circuit  is  instantaneous  in 
commercial  companies  using  fre-  its  action  and  no  transients  result. 


no.  2 — Two  fomis  ol  discriminator.  Th*  discriminator  for  iroquency-shiit 
r*c*ption  most  b*  flot  OT*r  o  bond  for  widsr  thon  th*  dsTiation  limits,  so  os  to 
OToid  amplitud*  modulation  in  the  output  produced  by  the  noise  in  the  input 


of  a  carrier  whose  frequency  lies 
midway  between  the  mark  and  space 
frequencies,  by  a  23  cps  signal.  The 
modulation  index  B  is  the  deviation 
from  the  carrier  frequency  divided 
by  the  modulation  frequency.  For  a 
total  shift  of  460  cycles,  B  =  230/23 
=  10.  Under  this  condition  there 
are  14  pairs  of  side  frequencies 
greater  than  40  db  below  the  un¬ 
modulated  carrier  level.  Therefore, 
the  bandwidth  is  23  x  28  =  645 
cycles. 

Now  consider  the  third  harmonic 
along  with  the  fundamental.  The 
keying  wave  is  a  signal  of  varying 
frequency  and  amplitude.  At  any 
instant  the  transmission  band  is  de¬ 
termined  by  the  instantaneous  fre¬ 
quency  and  amplitude  of  the  keying 
wave.  Therefore,  the  transmission 
band  varies  between  maximum  and 
minimum  values.  The  maximum  in¬ 
stantaneous  keying  frequency,  with 
Its  corresponding  amplitude,  deter¬ 


mines  the  tr^smission  bandwidth. 
This  maximum  instantaneous  fre¬ 
quency  in  this  case  is  1.5  times  the 
fundamental  frequency,  and  its  am¬ 
plitude  is  equal  to  the  amplitude  of 
the  keying  wave.  Therefore,  the 
deviation  is  the  same  as  for  the 
actual  keying  signal. 

The  corresponding  modulation  in¬ 
dex  is  =  A  F/1.5  /.  This  value  can 
be  used  to  calculate  all  bandwidths 
where  the  keying  wave  is  composed 
of  a  fundamental  and  its  third  har¬ 
monic.  Returning  to  the  original 
example,  B'  =  (B/1.5)  =  6.67,  and 
the  maximum  instantaneous  fre¬ 
quency  is  /'  =  1.5  /  =  34.5.  For  a 
B  of  6.67  there  are  ten  significant 
pairs  of  side  frequencies,  and  there¬ 
fore  the  maximum  bandwidth  ia 
20  X  34.5  =  690  cycles. 
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the  load  presented  to  the 

r'  itnerator  remains  constant 

As  the  voltage  across  R,  Increases 
because  of  positive  swing  of  the 
fu  st  grid,  the  second  triode  is  cut 
LiT,  This  second  triode  is  essential¬ 
ly  a  cathode  drive  stage  excited  by  « 
the  first  triode  acting  as  a  cathode 
follower.  The  gain  of  the  second 
;iiiaue  is  low  because  its  plate  re- 
;?Utor  R»  is  small.  It  cuts  off  at 
!about  the  same  positive  swing  of 
ihe  first  triode  grid  as  does  the  first 
itrinde  for  negative  swings  of  its 
|owa  grid.  Therefore  the  action  of 
[the  limiter  is  symmetrical  about  the 
axis,  and  is  both  transientless 
jand  instantaneous  for  any  abrupt 
['eve!  or  frequency  change.  The 
I  limiter  gives  about  30  db  of  limit* 
iing.  Two  limiter  stages  separated 
I  by  a  class  A  amplifier  supply  the 
^  needed  60  db  of  limiting. 

DiscrlMiHotor  Rsqaircmeats 

Once  the  signal  haa  been  limited, 
i  it  is  fed  into  a  sloping  discriminator 
circuit  prior  to  detection.  The  re¬ 
quirement  of  the  discriminator  is 
i  that  it  be  linear  over  a  frequency 
I  range  far  in  excess  of  the  deviation 
i  band.  It  need  not  be  the  back-to- 
:  back  variety  which  is  symmetrical 
about  zero,  zero  voltage  correspond- 
I  ing  to  the  mean  frequency.  Follow- 
!  ing  is  the  argument  for  these 
i  statements. 

i  In  f-m  receivers,  the  tuned  cir- 
j  cuit  following  the  limiter  is  usually 
'  part  of  the  discriminator  circuit 
'  The  circuit  is  linear  only  over  the 
;  deviation  band.  Beyond  this  band, 

■  the  response  of  the  tuned  circuit 
falls  rapidly  to  zero.  Therefore, 

;  any  signal  outside  the  deviation 


band  is  not  received  by  the  detector. 
With  an  input  level  variation  of  60 
db  the  limiter  delivers  a  constant 
output  Whether  the  input  consists 
of  one  or  a  .thousand  frequencies, 
the  output  energy  is  constant  and 
is  made  up  of  one  or  a  thousand  fre¬ 
quencies.  With  one  frequency  fed 
into  the  limiter,  the  output  is  of  the 
same  frequency,  plus  its  odd  har¬ 
monics  due  to  the  wave  squaring 
of  the  limiter.  But  when  noise  is 
present,  side  bands  of  the  original 
signal  become  evident,  and  these 
side  bands  extend  far  beyond  the 
band-pass  filter,  which  accepts  noise 
at  the  input  of  the  limiter.  The 
greater  the  intensity  of  noise  in 
relation  to  the  desired  signal,  the 
greater  the  amplitude  of  these  side 
bands,  and  the  greater  their  cov¬ 
erage  of  the  spectrum  beyond  the 
deviation  band. 

In  f-m  receivers  the  tuned  cir¬ 
cuit  following  the  limiter  eliminates 
these  frequencies  which  lie  outside 
the  deviation  band.  Since  the 
energy  output  of  the  limiter  is  con¬ 
stant,  the  output  of  the  tuned  cir¬ 
cuit  following  the  limiter  must 
change  in  amplitude  as  noise  is 
impressed  with  the  signal  on  the 
limiter  input  This  amplitude 
change  will  be  as  evident  after  de¬ 
tection  as  will  be  the  desired  change 
due  to  frequency  modulation.  There¬ 
fore,  a  back-to-back  discriminator 
is  required. 

Such  a  discriminator  operates  in 
push-pull  for  frequency  changes, 
but  in  push-push  for  noise-caused 
amplitude  changes.  These  latter, 
therefore,  tend  to  balance  and  be 
eliminated.  The  discriminator  need 
not  be  linear  beyond  the  deviation 


band,  as  no  side  bands  are  present 
having  been  filtered  out  by  the 
tuned  circuit  following  the  discrim¬ 
inator.  Notice  that  the  back-to- 
back  discriminator  is  superior  to  a 
single-ended  non-symmetrical  dis¬ 
criminator  only  in  suppressing  the 
amplitude-modulation  effects  of 
noise,  and  not  phase  or  frequency- 
modulation  effects.  These  latter 
effects  are  additive  in  each  half  of 
the  back-to-back  discriminator  and 
no  noise  reduction  results. 

Singl*-Ead«d  Discrinisator  Preferred 

In  many  commercial  types  of  con¬ 
verters,  the  limiter  is  followed  by 
a  single-ended  slope  circuit  No  at¬ 
tempt  is  made  to  eliminate  noise 
sidebands  outside  the  deviation 
spectrum.  When  such  a  discrim¬ 
inator  is  used,  it  must  be  of  the 
extended  range  type,  i.e.,  it  must  be 
linear  far  beyond  the  deviation 
band  so  as  not  to  discriminate 
against  noise  components.  Other¬ 
wise,  amplitude  modulation  result¬ 
ing  in  noise  will  result.  Under 
these  conditions,  no  advantage 
whatsoever  accrues  from  the  use  of 
a  back-to-back*  discriminator.  After 
the  discriminator  and  detector,  the 
signal  should  be  fed  through  a  low- 
pass  filter  to  eliminate  noise  caused 
by  phase  modulation  of  the  signal 
at  frequencies  higher  than  the  de¬ 
sired  intelligence  frequency.  For 
teletype  this  filter  passes  the  third 
harmonic,  which  may  be  70  to  100 
cps;  for  high  speed  Morse,  250  cps, 
and  for  photograph  and  facsimile, 
600  cps. 

An  extended-range,  single-ended 
discriminator  eliminates  all  ampli¬ 
tude  modulation  due  to  noise,  but 


FIG.  3 — Th»  pulM  eonsista 
Stird  hormoaie.  PuIms  slioiild 
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value  equal  to  the  peak-to-peak  volt¬ 
age  across  R  and  zero,  while  the 
voltage  at  Z  is  varying  between  zero 
and  this  same  peak-to-peak  value, 
but  in  a  negative  direction.  There¬ 
fore,  the  voltage  at  point  A  is  al¬ 
ways  varied  symmetrically,  plus  and 
minus,  around  zero.  Any  direct  com¬ 
ponent  in  the  voltage  across  R  is 
not  transmitted  to  point  A. 

The  conditions  to  be  satisfied  in 
this  circuit  are  that  the  time-con¬ 
stant  RCi  or  RCt  be  small  in  com¬ 
parison  with  the  length  of  the  key¬ 
ing  pulses,  and  that  the  time  con¬ 
stant  -f  Rt)  is  large  in  com¬ 
parison  with  the  time  interval  be¬ 
tween  pulses.  With  this  circuit,  the 
system  is  always  operating  essen¬ 
tially  about  the  X  axis  of  Fig.  S. 


equal.  However,  when  keying 
about  the  B  axis,  it  can  be  seen  that 
mark  and  space  are  no  longer  equal 
and  a  bias  (expressed  in  percent  as 
100  times  mark-length  minus  space- 
length,  divided  by  mark-length 
plus  space-length)  results.  For  an 
acceptable  minimum  number  of 
errors,  teletype  signals  can  contain 
no  more  than  5  percent  bias; 
therefore,  any  frequency  drift  will 
result  in  more  errors. 

Figure  4  shows  the  bias  intro¬ 
duced  by  transmitter  or  recJeiver 
drift  expressed  as  a  percent  of  the 
frequency  shift  for  the  fundamen¬ 
tal-third  harmonic  keying  w’ave  and 
for  a  fundamental  plus  third  and 
fifth  harmonic  keying  wave. 

To  eliminate  bias  due  to  fre¬ 
quency  shift,  the  circuit  shown  in, 
Fig.  5  is  used.  Here  the  keying 


accepts  a  wider  band  of  noise 
phase-modulate  the  signal,  whereas 
the  pre-filtered  back-to-back  dis¬ 
criminator  only  partially  eliminates 
amplitude  moidulation  due  to  noise, 
but  limits  the  band  of  noise  to 
phasemodulate  the  signal.  Experi¬ 
ments  have  shown  a  small  but 
definite  advantage  in  the'  latter 
type;  therefore  its  use  is  recom¬ 
mended  in  all  types  of  terminal 
equipment  for  teletype,  photo  and 
facsimile. 

Such  a  discriminator  is  shown  in 
Fig.  2(a).  The  differential  volt¬ 
ages  to  be  detected  are  taken  off 
at  points  A.  In  both  Fig.  2(a) 
and  2(b),  the  input  impedance  of 
the  discriminator  is  a  constant  over 
the  band  equal  to  i2.  L  and  C  are 
given  by 


Gas  T«b«s  Block  Nois* 

The  keying  pulse,  as  shown  In  I 
Fig.  3,  is  now  set  to  key  on  and  off 
around  axis  X.  However,  if  the 
crest  of  the  signal  has  been  reached 
and  is  holding  the  local  oscillator  in 
it.s  mark  position,  a  noise  crash 
which  causes  the  voltage  to  drop 
below  the  X  axis  will  shift  the  local 
oscillator,  causing  it  to  record  a 
false  space.  Much  greater  signal- 
to-noise  ratio  can  be  obtained  by 
using  gas  control  tubes,  which 
strike  on  and  off  only  after  a  critical 
voltage  is  reached.  Under  such 
conditions,  these  tubes  can  be  ad¬ 
justed  to  key  the  mark  signal  on  at, 
say,  level  B  of  Fig.  3,  and  off  at 
level  B\  Thus,  when  the  keying 
voltage  is  on  its  positive  swing  a 
noise  crash  must  force  the  keying 
wave  to  pass  the  X  axis  and  deviate 
all  the  way  to  the  B'  axis  before  a 
false  space  will  be  recorded.  Simi¬ 
larly,  when  the  keying  wave  is  on 
its  negative  half-cycle  a  noise  crash 
must  force  the  voltage  beyond  the  B 
axis  before  a  false  mark  will  be  re¬ 
corded.  The  use  of  gas  tubes  doe.s 
not  introduce  bias,  but  merely  dis¬ 
places  the  keying  wave  slightly,  and 
gives  a  much  greater  signal-to-noise 
ratio. 

Combining  Circuit  for  Diversity 
Reception 

Still  more  faithful  reproduction 
is  had  by  using  diversity  reception. 
However,  the  receiver  output  in  a 
two-receiver  diversity  system  can¬ 
not  be  combined  directly,  as  fading 
and  phase  shift  would  cause  the  re¬ 
sultant  signal  to  fluctuate  violently 


where  «  is  2n  times  the  cross-over 
frequency.  The  configuration  of 
Fig.  2(a),  although  it  does  not  give 
linear  response  over  as  wide  a  fre¬ 
quency  range  as  does  that  of  Fig. 
2(b),  delivers  a  higher  output  volt¬ 
age  and  is  perfectly  symmetrical. 


Fraquuncy-Drift  Compensation 

The  output  of  the  detector  and 
noise  filter  is  the  recreated  pulse 
that  originally  keyed  (frequency- 
shifted)  the  transmitter.  If  the 
mean  frequency  of  the  signal  being 
fed  to  the  converter  equals  the 
cross-over  frequency  of  the  dis¬ 
criminator,  the  pulse  will  alternate 
symmetrically  about  a  zero  axis. 
The  solid  curve  of  Fig.  3  represents 
such  a  keying  signal,  composed  of 
fundamental  and  third  harmonic, 
oscillating  about  the  X  axis.  A  local 
oscillator  may  be  arranged  to  key 
on  and  off  around  this  zero  axis. 
However,  if  the  frequency  of  the 
receiver  or  transmitter  drifts  so 
that  the  mean  frequency  no  longer 
corresponds  to  the  discriminator 
cross-over  point,  the  local  oscillator 
will  no  longer  key  on  and  off  sym¬ 
metrically  about  the  axis,  but  about 
some  other  axis  B. 

When  keying  takes  place  about 
the  X  axis,  a  square  wave  shown 
by  the  dot-dash  line  results  from 
the  fundamental-third  harmonic 
keying  wave.  This  square  wave  is 
unbiased.  That  is,  for  equal  mark 
and  space  of  the  transmitted  wave, 
the  square-wave  mark  and  space  are 


FIG.  5 — Balancing  circuit  used  to  cen¬ 
ter  the  received  pulse  about  the  zero 
potential  axis  in  the  event  that  ire- 
.  quency  driit  throws  it  oil 


wave  is  developed  across  R,  which 
is  capacitively  coupled  through  Ci 
and  Cl  to  rectifiers  Ti  and  T,  con¬ 
nected  as  shown.  The  load  circuit 
consists  of  equal  resistors  and  R„ 
with  the  keying  signal  taken  off  at 
their  junction,  point  A.  As  the  sig¬ 
nal  across  R  increases  positively, 
capacitor  C,  charges  through  recti¬ 
fier  Tj  thus  holding  point  Z  at  zero 
potential.  At  the  same  time  this 
positive  potential  is  passed  through 
capacitor  Ci  to  point  Y,  Rectifier  T, 
is  non-conducting  for  this  polarity. 
As  the  voltage  across  R  falls  to  zero 
and  swings  to  its  negative  value,  the 
charge  on  Ci  is  applied  to  point  Z 
and  the  full  peak-to-peak  voltage 
appears  at  Z.  The  voltage  at  point 
Y  falls  to  zero  and  capacitor  C,  is 
charged  through  rectifier  Ti  to  the 
negative  value  of  the  voltage  across 


On  the  next  positive  swing  of  the 
cycle,  the  full  peak-to-peak  voltage 
is  applied  to  point  Y.  Thus,  point 
Y  is  varying  between  a  positive 
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sifimal-to>noi8e  ratio.  Noise  in  the 
presence  of  no  signal  will  cause 
interference  depending  only  on  the 
amplitude  of  the  noise.  Where  a 
large  mark-to-space  signal-ratio  is 
required  for  automatic  recording, 
a  small  amount  of  noise  will,  there¬ 
fore,  introduce  false  mark  and 
space  signals. 

In  frequency-shift  transmission, 
however,  the  signal  is  first  fed 
through  a  limiter.  This  limiter 
eliminates  all  amplitude  modulation 
caused  by  noise.  There  is  always  a 
signal  feeding  the  limiter  whether 
it  be  of  mark  or  space  frequency, 
and  thus  noise  effects  will  act  the 
same  on  mark  as  on  space.  If  noise 
is  fed  into  a  limiter  simultaneously 
with  the  signal,  only  phase  modula¬ 
tion  of  the  signal  results.  If  this 
noise  consists,  for  the  purpose  of 
analysis,  of  only  one  frequency,  the 
phase  modulation  of  the  signal  is 
given  by 


in  leveL  Furthermore,  a^signal  fad¬ 
ing  in  relation  to  noise  on  one  cir¬ 
cuit  would,  because  of  the  limited 
action,  result  in  a  high  noise  output 
of  the  limiter.  Instead,  the  signal 
from  each  receiver  is  fed  through' 
two  similar  channels,  each  consist¬ 
ing  of  an  input  filter,  limiter,  dis¬ 
criminator,  detector  and  noise  filter. 
Combination  of  the  signals  takes 
place  at  this  point,  where  the  fre¬ 
quency  is  low  and  time  delay  ef¬ 
fects  are  at  a  minimum. 

Referring  to  Fig.  6,  the  keying 
wave  appears  across  Ri  for  one 
channel  and  across  R,  for  the  sec¬ 
ond  channel.  These  keying  waves 
are  varying  symmetrically  around 
the  zero  axis.  The  voltage  across 
Hi  and  R/  are  combined  through 
four  rectifiers  poled  as  shown  in 
Fig.  6.  Rt  and  H/  are  the  load  re¬ 
sistors  for  these  rectifiers.  The  cen¬ 
ters  of  the  rectifier  circuit  are  also 
connected  by  resistors  H,  and  H*, 
and  the  combined  voltage  taken  out 
at  their  junction  point  A.  With 
either  a  positive  or  negative  voltage 
simultaneously  on  R,  and  H/,  half 
this  voltage  appears  at  point  A. 
However,  if  due  to  diversity  action 
the  voltage  across  drops  to  zero, 
while  the  voltage  across  H,  remains 
constant,  the  voltage  at  point  A 
will  also  remain  constant,  thereby 
giving  full  diversity  effect.  Even 
though  the  voltage  across  R'  should 
go  negative  when  a  positive  voltage 
is  desired,  the  voltage  at  point  A 
will  not  drop  to  less  than  zero. 
Using  the  gas  tube  action  outlined 


Frequcncr-shiit.  convartor  for  tocolvon 

above,  no  false  signal  will  be  re¬ 
corded  as  long  as  one  bircuit  main¬ 
tains  its  full  voltage.  Use  of  this 
type  of  diversity  combination  re¬ 
sults  in  10  to  20-db  increase  in 
signal-to-noise  ratio.  In  the  cir¬ 
cuit  shown,  R,  must  be  large  com¬ 
pared  to  Ri,  and  R,  and  large 
compared  to  R- 

Cast*  of  Lewsr  Slgaal-to-NelM  Ratio 

The  signal-to-noise  improvement 
using  frequency-shift  transmission 
occurs  for  the  same  reasons  that 
such  improvement  is  obtained  in 
f-m  broadcasting.  The  following  re¬ 
marks  may  serve  to  clarify  the  rea¬ 
sons  why  there  is  such  improve¬ 
ment  With  constant-frequency 
carrier  make-break  transmission, 
noise  in  the  presence  of  the  mark 
signal  tends  to  amplitude-modulate 
the  signal  in  direct  relation  to  the 


where  r  is  the  noise-to-signal  volt¬ 
age  ratio  and  is  less  than  1,  and  ^ 
equals  ft,  f  being  the  difference 
between  the  noise  and  signal  fre¬ 
quencies.  In  the  case  of  noise  con¬ 
sisting  of  many  frequency  compo¬ 
nents,  only  those  components  whose 
vector  sums  are  frequencies  lying 
within  the  band  passed  by  the  noise 
filter  following  the  detector  need  be 
considered.  All  other  components 
are  eliminated  by  this  filter. 

From  the  above  expression  it  can 
be  shown  that  in  the  case  where 
the  vector  sum  of  the  noises  is  as 
much  as  half  that  of  the  signal 
there  is  only  one  radian  of  phase 
modulation.  But  frequency-shift 
transmission  employs  many  radians 
of  shift.  The  modulation  index  B  is 
often  as  high  as  10  or  20.  There¬ 
fore,  noise,  even  though  it  be  half 
that  of  the  desired  signal  (B  =  1) 
will,  after  detection,  be  small  in 
comparison  to  the  signal. 

As  much  as  20  db  signal-to-noise 
increase  can  be  expected  using  fre¬ 
quency-shift  transmission.  A  small, 
mobile  400- watt  frequency-shift 
transmitter  on  the  beachhead  in 
France  is  transmitting  press  traf¬ 
fic  to  this  country  at  a  rate  of  500 
words  a  minute,  over  a  million 
words  a  month,  where  in  former 
days  a  50-kilowatt  transmitter  had 
trouble  in  maintaining  the  circuit. 


FIG.  6 — Coupling  circuit  usod  botwoon  tho  oulpu'a  oi 
two  diaonity  rocoivon  and  tho  rocording  opparatua 
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Fiequency-Modulation 
Phonogiaph  Pickup 


Description  of  a  phonograph  pickup  having  a  flat  frequency  characteristic  over  the  audio 
range,  with  self-contained  volume  expansion  and  lest  than  one  ounce  of  needle  weight. 
Needle  varies  capacitance  in  tuned  circuit  of  oscillator,  causing  frequency  modulation 


TO  reduce  the  mass  of  the  mov¬ 
ing  part  of  a  phonograph 
pickup,  the  principle  of  capaci¬ 
tance  translation  has  been  adapted 
to  pickup  design.  The  needle  alone 
is  the  moving  member.  Although 
the  variation  in  capacitance  be¬ 
tween  the  vibrating  needle  and  a 
fixed  electrode  is  small,  it  is  suffi¬ 
cient  to  frequency-modulate  an 
oscillator  operating  in  the  very- 
high-frequency  range.  This  re¬ 
duction  in  mass  of  the  moving  part 
improves  the  mechanical  proper¬ 
ties  of  the  phonograph.  The  fre¬ 
quency-modulation  method  of 
translation,  being  independent  of 
the  rate  at  which  the  needle  vi¬ 
brates,  gives  flat  frequency  re¬ 
sponse  over  a  wide  audio  range. 

Mechanical  Construction 

In  a  simple  frequency-modula¬ 
tion  pickup  the  needle  constitutes 
a  part  of  the  electrical  circuit  and 
therefore  should  not  require  re¬ 
placement  more  often  than  abso¬ 
lutely  necessary.  A  semi-perma¬ 
nent  needle  having  a  sapphire  tip 
meets  the  requirements.  The  up¬ 
per  end  of  the  needle  shaft  is 
ground  to  a  point  and  presses  up¬ 
ward  into  a  conical  metal  socket  of 
slightly  larger  taper  than  the  shaft 
point,  as  shown  in  Fig.  1.  The 
needle  is  maintained  in  position  by 
a  soft  rubber  disk  mounted  in  the 
bottom  of  the  pickup  head  and 
through  which  the  needle  passes. 
A  small  shoulder  on  the  needle 
causes  the  rubber  to  belly  slightly 
downward  so  that  it  exerts  an  up¬ 
ward  force  on  the  needle  to  hold 
it  in  the  conical  socket.  The 
needle  is  thus  free  to  move  in  any 
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horizontal  direction.  The  upper 
point  and  socket  act  as  a  pivot  of 
microscopic  size,  with  only  the 
slight  compliance  of  the  rubber 
disk  restricting  the  needle  motion. 

The  pickup  electrode  is  mounted 
to  one  side  of  the  needle  shaft  near 
the  lower  end,  and  is  roughly  par¬ 
allel  to  the  record  groove.  Lateral 
movements  of  the  needle,  caused 
by  the  record  groove,  serve  to  vary 
the  distance  between  the  needle 
and  the  electrode. 

The  only  work  required  of  the 
record  groove  is  to  vibrate  the 
minute  mass  of  the  needle  and 
overcome  the  small  compliance  of 
the  rubber  disk,  hence  needle 
pressure  can  be  low.  This  reduces 
surface  noise.  Many  conventional 
pickups  'require  three  to  four 
ounces  of  tone  arm  and  pickup 
head  weight  on  the  needle,  but  this 


f-m  pickup  requires  only  about 
one-half  to  one  ounce  of  weight 
*  on  its  needle. 

AMtesiatie  VoIum*  Expastlos 

A  unique  feature  of  this  pickup 
is  its  volume  expansion.  Since  the 
needle  is  free  to  move  in  all  direc¬ 
tions  perpendicular  to  its  axis, 
there  is  motion  in  the  direction  of 
the  record  groove  caused  by  the 
drag  of  the  record  on  the  needle. 
This  drag  is  nearly  proportional  to 
the  deviation  of  the  groove.  The 
groove  undulations  for  stronger 
sounds  are  larger  than  for  weaker 
ones,  although  not  as  large  as  they 
should  be  for  full  dynamic  repro¬ 
duction  because  of  the  volume 
compression  u.sed  in  the  recording. 

With  the  pickup  electrode  at  an 
angle  to  the  groove  as  illustrated 
in  Fig.  2(a),  the  increased  drag  on 
the  needle  caused  by  the  larger 
groove  undulations  of  Fig.  2(b) 
and  2(c)  serves  to  decrease  the 
average  spacing  between  the 
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FIG.  1 — H«ad  osMoably  oi  the  i-m  phonograph  pickup.  The 
orrow  indicate*  the  direction  of  record  grooT*  moToment 
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needle  and  the  electrode.  Under 
this  condition  the  variation  in 
needle-electrode  capacitance  be¬ 
comes  a  greater  part  of  the  aver¬ 
age  needle-electrode  capacitance, 
and  the  translation  efficiency  is  in¬ 
creased.  In  this  manner  the  re¬ 
cording  is  volume-expanded  to 
recover  the  original  compression. 

The  degree  of  volume  expansion 
can  be  regulated  by  adjusting  the 
angle  of  the  electrode  surface  to 
the  record  groove.  An  angle  of 
thirty  degrees  gives  a  realistic  de¬ 
gree  of  expansion.  If  the  elec¬ 
trode  surface  is  parallel  to  the 
record  groove  at  the  point  of 
needle  contact,  there  will  be  no 
expansion. 

Surface  noise  is  already  much  de¬ 
creased  by  the  low  needle  pressure 
on  the  record  groove,  and  volume 
expansion  gives  further  reduction. 
As  a  result,  surface  noise  is  hardly 
audible  with  the  weakest  sounds, 
and  is  inaudible  with  stronger 
sounds.  Amplifier  gain  control 
as  a  means  of  volume  expansion 
maintains  the  reproduced  signal- 
to-noise  ratio  at  the  recorded  ratio, 
whereas  this  volume-expansion 
method  of  translation-efficiency 
control  reduces  the  relative  noise 
level  as  the  signal  is  increased. 

Nat  Wide-Range  Freqnency  Response 

Another  contribution  to  the 
fidelity  of  reproduction  is  given  by 
the  flat  frequency  response  char¬ 
acteristic  of  the  pickup  itself.  For 
a  given  needle  deflection  in  the 
audio  range,  no  matter  whether  it 
be  at  a  rate  of  ten  or  ten  thousand 
cycles  per  second,  the  frequency 
deviation  of  the  oscillator  is  the 


same  amount.  Thus  the  frequency 
characteristic  of  the  system  is  not 
influenced  by  the  pickup  itself. 

The  needle  is  locked  at  its  upper 
end  in  the  fixed  socket,  is  locked 
into  the  record  groove  at  its  lower 
end,  and  is  itself  extremely  stiff  in 
comparison  to  the  stiffness  of  the 
rubber  centering  disk,  hence  ’the 
needle  can  have  no  mechanical 
resonances  in  the  audible  range. 
This  feature  eliminates  mechan¬ 
ical  resonances  and  the  distortions 
which  they  introduce,  and  thus 
contributes  further  to  reproduc¬ 
tion  fidelity.  Conventional  pickups 
have  one  or  more  resonance  pe¬ 
riods  due  to  freely  swinging  parts 
such  as  a  crystal  or  armature. 

Since  the  needle  scratch  is  very 
low,  no  scratch  filter  is  required. 
Full  use  can  be  made  of  the  high- 
frequency  response  of  the  pickup. 

Cireslt  and  Oparatioa 

An  f-m  receiver  is  used  for  re¬ 
production  of  the  output  of  the  f-m 
phonograph.  To  change  from  sta¬ 
tion  reception  to  the  phonograph, 
the  receiver  is  tuned  to  the  f-m 
phonograph  oscillator,  a  simple 
form  of  which  is  shown  in  Fig.  3. 
The  tube  and  circuit  components 
can  be  located  in  the  mounting  box 
containing  the  gimbals  for  the 
tone  arm.  The  tone  arm  is  a  tube 
with  a  central  conductor  wrapped 
with  cotton  or  other  electrical  in¬ 
sulation.  The  insulated  conductor 
should  be  pulled  tightly  into  the 
tone  arm,  to  maintain  constant 
capacitance  between  the  central 
conductor  and  the  tone-arm  tube. 
The  wrapping  effectively  damps 
any  tendency  of  the  inner  con¬ 


ductor  to  vibrate.  Lower-loss  in¬ 
sulation  may  be  used,  but  it  should 
have  mechanical  damping  prop¬ 
erties. 

The  central  conductor  connects 
with  the  phonograph  needle 
through  the  conical  metal  socket 
The  pickup  electrode  connects  to 
the  tone  arm,  which  is  grounded  to 
provide  shielding  and  to  minimize 
stray  capa^citance  effects.  The 
capacitance  of  the  central  con¬ 
ductor  to  the  tone  arm  is  in  paral¬ 
lel  with  the  pickup  capacitance 
between  the  needle  and  the  pickup 
electrode,  hence  this  capacitance 
should  be  minimized  for  highest 
percent  frequency  modulation  by 
the  needle  vibrations.  A  tube  with 
an  inner  diameter  of  %  inch  is 
satisfactory.  Condenser  micro¬ 
phone  cable  with  the  shield  re¬ 
moved  serves  satisfactorily  for  the 
inner  conductor. 

To  decrease  variations  of  the 
oscillator  mean  frequency  due  to 
movements  of  the  tone  arm,  and  to 
reduce  to  a  minimum  the  shunting 
capacitance  of  the  line  through 
the  tone  arm,  the  oscillator  can  be 
built  into  the  tone  arm  or  the  pick¬ 
up  head. 

For  a  complete  f-m  receiver  with 
audio  amplifying  and  reproducing 
.systems  already  available,  only  the 
pickup  assembly  and  f-m  oscillator 
of  very  low  power,  together  with 
switching  arrangements  for  start¬ 
ing  the  oscillator,  are  required. 
The  f-m  phonograph  oscillator  is 
set  for  some  unused  part  of  the 
f-m  band  and  tuned  in  on  the  re¬ 
ceiver  as  are  broadcast  stations. 
The  phonograph  unit  may  be  sepa¬ 
rate  and  remote  from  the  receiver. 


FIG.  3 — SchemoUt  diagram  of  o  timplo  oscillator,  showing  tho 
connsction  to  tho  pickup.  Tho  oquivalent  oloctrical  circuit  of  tho 
pickup  is  a  fixod  capacitor  paralloled  by  a  ▼orioblo  capacitor 


FIG.  2 — Voinmo  expansion  is  obtoinod  by  placing  tho  pickup 
oloctrodo  ot  on  onglo  to  tho  record  groove  motion.  Tho  move- 
mont  of  tho  noodle  by  groove  drag  produces  volume  expansion 


Bquivalend  \  circuit  of  pickup 
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QUALITY 
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Operator  preparing  to  apply  a  static  quality  tost  to  a  typo  833A 
transmitting  tub# 


PRESENT-DAY  mass  production 
lends  itself  admirably  to  quality 
engineering  practices.  Although 
this  article  is  centered  on  vacuum- 
tube  manufacture,  the  approach  and 
much  of  the  technique  are  directly 
applicable  to  other  phases  of  in¬ 
dustry. 

Quality  Tests 

In  order  to  determine  vacuum- 
tube  quality,  it  is  necessary  to  have 
a  criterion  of  acceptability;  in  other 
words,  the  tube  must  pass  some  sort 
of  a  test.  One  method  tests  a  ran¬ 
dom  sample  (typical  of  the  day’s 
production)  for  static  characteris¬ 
tics  and  dynamic  performance.  All 
conditions  of  the  test  are  recorded 
and  readings  are  meticulously  ob¬ 
served,  with  the  exact  nature  of  the 
test  depending  on  the  type  of  tube 
Involved. 

For  the  usual  transmitting  or  re¬ 
ceiving  tube,  test  instructions 
should  specify  voltages  for  filament, 
plate,  control-grid,  screen-grid,  and 
suppressor-grid  as  required  to  ob¬ 
serve  filament,  plate,  control-grid, 
and  screen-grid  currents.  Emission, 
plate  resistance,  amplification  fac¬ 
tor,  and  mutual  conductance  should 


be  determined;  furthermore,  it  is 
desirable  that  interelement  capaci¬ 
tances  be  measured  also. 

Cathode-ray  tubes  should  be 
checked  for  light  output,  line  width, 
deflection  sensitivity,  focusing  volt¬ 
age,  leakage,  gas  ratio  (or  cross), 
interelement  voltage  breakdown, 
and  anode  currents. 

Specifications  for  dynamic  test¬ 
ing  should  include  load  resistance 
(or  impedance),  signal  voltage,  and 
power  output  at  normal  and  reduced 
filament  voltage.  In  addition,  spe¬ 
cifications  should  give  operating 
voltage  and  current  ranges  for  all 
other  tube  elements.’ 

Maotaramenf  of  Intcreiactrode 
Capoeitoneas 

For  the  measurement  of  capaci¬ 
tances  of  1  /i/if  or  less,  several  meth¬ 
ods  are  available.  Perhaps  the 
most  accurate  procedure  uses  a  pre¬ 
cise  capacitance  bridge.  Another 
satisfactory  method  uses  a  vacuum- 
tube  voltmeter  to  measure  the  volt¬ 
age  developed  across  a  capacitance 
at  a  fixed  frequency.  Alternative 
methods  are: 

(1)  Capacitance  can  be  measured 
as  part  of  a  resistance-capacitance 


discharge  circuit  in  which  the  tube 
capacitance  discharges  through  a 
known  resistance.  Since  C  =  t/R, 
the  capacitance  is  easily  deter¬ 
mined.  Both  time  (in  the  order  of 
microseconds)  and  resistance  (in 
the  order  of  megohms)  can  be  de¬ 
termined  with  reasonable  accuracy. 

(2)  Capacitance  can  be  meas¬ 
ured  as  the  terminating  impedance 
of  a  coaxial  transmission  line.  The 
reactance  is  measured  by  placing 
the  tube  in  the  transmission  line  as 
a  terminating  element.  The  line  > is 
then  tuned  to  resonance  by  varying 
its  length.* 

Machanleal  Parfermanc*  Test* 

Tubes  must  perform  satisfactor¬ 
ily  and  must  possess  reasonable 
life;  in  addition,  they  must  be 
rugged.  This  does  not  imply  that  it 
is  permissible  to  play  hockey  with 
a  two-inch  u-h-f  transmitting  tube. 
On  the  other  hand,  it  should  not  be 
necessary  to  transport  the  tube  in  a 
plush-lined  case.  The  usual  points 
of  mechanical  weakness  can  be  di¬ 
vided  into  four  main  headings : 

(1)  Metallic  bodies  (filaments, 
grids,  plates,  etc.) 

(2)  Metallic  joints  (welds) 

(3)  Glass  bodies  (glass  envel¬ 
opes,  beads) 
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ENGINEERING 
in  Tube  Manufacture 


Testing  of  random  samples  can  indicate  when  vacuum-tube  production  deviates  from 
quality  standards.  Procedures  given,  applicable  to  other  products  as  well,  coyer  static 
and  dynamic  performance  tests,  life  tests,  mechanical  tests,  and  checking  of  appearance 


ated  tungsten  filament  operated  at 
equivalent  temperature.  As  a  re¬ 
sult,  the  emission  drops  rather 
sharply  and  the  tube  ends  its  useful 
life  abruptly  and  premr.turely. 

Such  a  tube  can  be  brought  to  life 
again  by  means  of  the  so-called  “hot 
shot”  treatment,  which  consists  of 
operating  the  filament  at  a  rather 
high  temperature  (2800  deg  K) 
for  a  few  minutes.  This  reduces 
some  of  the  thoria  (thorium  oxide) 
within  the  filament  to  metallic  thor¬ 
ium.  Then,  operation  of  the  fila- 


(4)  Glass  joints  (either  glass- 
to-glass  or  glass- to-metal) 

Among  the  methods  used  for 
checking  the  mechanical  durability 
of  the  tube  are:  1.  Bump  tests; 
2.  Vibration  tests;  3.  Thermal  shock 
tests. 

In  a  bump  test,  a  pendulum  of 
prescribed  weight  and  length  is  al¬ 
lowed  to  strike  the  tube,  which 
is  so  suspended  that  it  swings  freely 
on  impact.  The  tube  is  then  tested 
for  mechanical  failure,  static  char¬ 
acteristics  and  interelement  capac¬ 
itance  (revealing  changes  in  elec¬ 
trode  spacings). 

The  vibration  test  is  essentially 
the  same  as  the  bump  test.  Instead 
of  causing  acceleration  through  im¬ 
pact,  the  tube  is  placed  on  a  shake 
table  and  is  subjected  to  accelera¬ 
tion  values  that  are  several  times 
that  of  gravity.  Both  of  these  tests 
can  be  made  with  voltages  on  the 
elements,  so  that  results  can  be  ob¬ 
served  on  a  cathode-ray-tube  oscil¬ 
loscope.  In  this  way,  temporary  in¬ 
terelement  shorts  and  undue  voltage 
excursions  can  be  observed. 

Thermal  shock  tests  are  con¬ 
cerned  with  the  condition  of  the 
glass.  In  general,  they  reveal  im¬ 
proper  annealing  or  defective  seal¬ 
ing. 

The  foregoing  are  the  most  com¬ 
mon  mechanical  performance  tests. 
It  is  possible  to  make  as  many  tests 
as  there  are  mechanical  perfor¬ 
mance  weaknesses. 


2.  Tube  operating  temperature;  3. 
Amount  and  nature  of  the  free  resi¬ 
dual  gases  in  the  tube  and  in  the 
metallic  parts. 

Within  a  thoriated  tungsten,  fil¬ 
ament,  thorium  is  diffused  to  and 
evaporated  from  the  surface  at  a 
definite  rate.  The  ideal  filament 
voltage  is  one  which  causes  a  cur- 


Typ*  24G  tube  cm  inatcmt  alter  being 
■truck  by  the  pendulum  hammer  used 
in  the  bump  test 


rent  flow  of  such  magnitude  that  the 
heat  produced  establishes  an  equi¬ 
librium  between  these  two  rates.* 

If  the  filament  temperature  is 
too  low,  insufficient  emission  will 
result.  If  filament  temperature  is 
too  high,  the  rate  of  evaporation 
will'  exceed  the  rate  of  diffusion. 
Under  this  condition,  the  surface  is 
stripped  of  its  thorium  and  soon  ac¬ 
quires  the  properties  of  a  pure  tung¬ 
sten  emitter,  which  is  about 
1/lOOOth  the  emission  of  a  thori- 


Lif*  Tasting  of  Tubes 

Tube  life  can  be  determined  on 
the  basis  of  either  static  or  dyna¬ 
mic  performance.  In  any  event,  the 
life  will  depend  (among  other  fac¬ 
tors)  upon:  1.  Filament  voltage; 


Laboratory  assistant  placing  a  type  24G 
tube  in  a  static  liie  test  rock 
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ment  at  a  lower  temperature  (2200 
deg  K)  diffuses  the  newly  reduced 
thorium  to  the  surface.  However, 
life  obtained  by  rejuvenation  is  not 
a  true  test  of  life,  but  rather  is  a 
test  of  the  renewing  process. 

It  has  been  pointed  out  that  the 
voltage  at  which  a  filament  is  oper¬ 
ated  determines  its  temperature. 
Temperature  determines  the  frac¬ 
tion  of  the  surface  which  is  covered 
with  a  monatomic  layer  of  thorium. 
Emission  may  drop  below  accept¬ 
able  limits  as  the  fraction  of  the 
covered  surface  is  reduced.  Since 
good  life  depends  upon  good  emis¬ 
sion,  any  factors  which  disturb  or 
deteriorate  the  emissive  properties 
of  the  filament  contribute  to  the 
early  demise  of  the  tube.  Operation 
at  excessive  filament  voltage  is  one 
such  factor. 

Another  factor  which  can  result 
in  reduced  emission  is  the  presence 
of  excessive  amounts  of  oxygen  in 


the  tube.  Should  this  highly-active 
gas  be  available  to  form  a  chemical 
union,  layers  of  thorium  and  tungs¬ 
ten  oxides  are  formed.  If  this  hap¬ 
pens,  emission  quickly  drops  to  the 
vanishing  point. 

If  the  power  supply  voltage  var¬ 
ies  over  a  considerable  range,  the 
life  test  will  operate  at  various 
temperatures ;  in  other  words, 
anode  and  filament  power  dissipa¬ 
tion  will  vary.  It  is  therefore  neces¬ 
sary  that  the  power  line  voltage  for 
life  test  equipment  be  regulated 
within  close  limits. 

Complete  and  carefully  prepared 
records  should  be  kept  of  all  test 
conditions  and  causes  of  failure. 
This  latter  point  cannot  be  overem¬ 
phasized  since  one  of  the  primary 
objects  of  all  life  tests  is  to  reveal 
the  weaknesses  which  cause  tube 
failure.  For  example,  to  state 
that  a  cathode-ray  tube  failed 
due  to  low  light  output  is  not 


enough ;  it  is  much  more  significant 
to  point  out  that  the  low  light-out¬ 
put  was  caused  by  a  deteriorated 
cathode  surface  which  resulted  from 
the  failure  of  a  metal-to-glass  seal. 

The  tube  that  performs  properly 
is  interesting  and  indeed  welcome; 
nevertheless,  it  is  the  defective 
tube  that  uncovers  weaknesses  and 
helps  us  evolve  new  and  better  pro¬ 
duction  techniques. 

Oth*r  Tests 

Samples  should  be  selected  and 
tested  at  periodic  intervals,  in  order 
to  ascertain  the  life  of  the  shipped 
product.  Factory  engineers,  design 
engineers,  and  persons  responsible 
for  maintaining  production  should 
be  advised  of  all  failures  occuring 
in  non-experimental  tubes.  All  in¬ 
novations  in  processing  or  struc¬ 
ture  should  be  successfully  life- 
tested  before  becoming  a  regular 

Nwmhar  1944  —  ELECTRONICS 


t 


part  of  the  manufacturing  pro- 
jlcedure. 

Appearance  Tests 

A  sizeable  quantity  of  tubes 
I  should  be  selected  at  random  from 
[the  packing  room  and  should  be 
[examined  for  appearance.  This  in¬ 
spection  should  answer  the  follow- 
jing  questions: 

(1)  Is  the  tube  clean? 

(2)  Is  the  tube  identification 
brand  clean  and  legible? 

(3)  Is  the  company  trademark 
clean,  and  legible? 

(4)  Are  the  base  pins  neatly 
soldered?  Has  extra  flux 
been  wiped  away? 

(5)  Is  the  tube  base  on  straight? 

(6)  Are  the  critical  dimensions 
within  specification? 

(7)  On  the  basis  of  the  perfect 
tube  being  rated  as  100  per¬ 
cent,  what  is  the  rating  of 
the  average  of  these  tubes? 

The  basic  purpose  in  making  this 
type  of  examination  is  to  rate  the 
tube’s  appearance  from  the  stand¬ 
point  of  saleability. 

Maiataaaac*  of  Primary  Staadards 

It  is  inadequate  to  say  that  the 
vacuum-tube  industry  sells  “tubes”. 
We  are  offering  measurements  when 
we  offer  tubes.  Some  assurance 
must  be  given  that  the  meters 
which  check  those  measurements 
are  correctly  calibrated. 

Tubes  are  saleable  because  they 
have  certain  characteristics — char¬ 
acteristics  which  are  measureable 
by  meter.  Quality,  as  determined  by 
electrical  testing,  implies  the  use 
of  meters,  and  the  testing  is  no  bet¬ 
ter  than  the  meters  that  perform 
the  work.  Improperly  calibrated 
meters  give  rise  to  three  risks: 

(1)  The  possibility  that  accept¬ 
able  tubes  may  be  rejected. 

(2)  The  possibility  that  reject- 
able  tubes  may  be  accepted. 

(3)  The  possibility  (almost  cer¬ 
tainty)  that  the  quality  will 
be  indeterminate. 

Proper  calibration  of  test  meters 
is  normally  a  function  of  a  meter 
maintenance  unit,  acting  under  the 
jurisdiction  of  an  equipment  sec¬ 
tion.  This  meter-maintenance  unit 
will  generally  have  a  set  of  second¬ 
ary  standards.  However,  the  qual¬ 
ity  control  activity  is  so  definitely 
t  ed  up  with  measurement  problems 
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that  it  is  advantageous  to  have  the 
primary  standards  retained  by  the 
quality  engineering  division. 

Certified  standard  cells,  high- 
precision  potentiometers,  volt  boxes, 
current  and  voltage  transformers, 
highly  sensitive  galvanometers  and 
accurate  wavemeters  are  a  few  of 
the  primary  standards  which  should 
be  available  to  the  quality  control 
engineer.  Then,  when  a  question 
comes  up  involving  the  accuracy  of 
factory  readings,  unquestionable 
evidence  can  be*  produced  by  the 
quality  engineering  laboratory.  Un¬ 
less  a  standards  laboratory  is  set  up 
to  do  the  job,  the  quality  engineer¬ 
ing  department  should  act  as  the 
“Bureau  of  Standards”  for  the 
factory. 


With  a  test  procedure  set  up,  the 
next  step  in  utilization  of  quality 
engineering  is  analysis  of  the  test 
results  to  determine  exactly  where 
the  trouble  is  when  shrinkage  (loss 
during  production)  exceeds  permis¬ 
sible  manufacturing  limits.  This 
subject  will  be  taken  up  in  the  next 
issue,  and  will  be  followed  by  the 
final  article  covering  process  con¬ 
trol  charts  and  other  statistical 
methods  of  controlling  quality  dur¬ 
ing  manufacture. 
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DIFFERENTIATING  and 


Engineering  and  laboratory  applications  of  differentiating  and  integrating  circuits  are 
described,  including  anti-bunting  circuits  for  servo  mechanisms  and  other  control  sys¬ 
tems.  Practical  circuits  are  developed  from  a  mathematical  basis  and  test  results  are  given 


The  need  for  an  electrical  cir¬ 
cuit  to  differentiate  a  wave 
of  voltage  with  respect  to  time 
often  arises  in  various  types  of 
problems.  As  an  example,  it  is  de¬ 
sired  to  determine  the  sequence  of 
arrival  of  several  overlapping  im¬ 
pulses.  The  sharper  the  impulses 
the  more  easily  they  can  be  sepa¬ 
rated.  Since  the  rate-of -change  of 
,a-  received  impulse  will  start  at 
zero,  rise  to  a  maximum,  and  fall 
back  to  zero  in  the  same  interval 
of  time  that  the  impulse  itself  rises 
from  zero  to  its  maximum,  the 
wave-front  of  the  differentiated  im¬ 
pulse  is  shorter  and  sharper  than 
that  of  the  original  impulse.  This 
is  demonstrated  in  Fig.  1.  The  sig¬ 
nal  announcing  the  arrival  of  the 
original  impulse  can  be  made  as 
short  and  sharp  as  desired  by  tak¬ 
ing  successive  derivatives  of  the 
original  impulse  by  cascading  sev¬ 
eral  differentiating  circuits. 

Anti-Hyntiiig  Applications 

Differentiating  circuits  can  also 
be  used  to  prevent  servo-mechan¬ 
isms  and  other  control  systems 
from  hunting.  As  an  elementary  ex¬ 
ample  of  this,  consider  the  speed- 
governing  system  shown  in  Fig. 
2(a).  The  speed  of  the  turbine  is 
to  be  held  constant  at  the  value  Na 
which  makes  the  voltage  of  the 
magneto-tachometer  equal  and  op¬ 
posite  to  a  selected  portion  of  the 
battery  voltage.  If  it  is  not,  the  dif¬ 
ference  voltage  drives  a  motor 
(probably  through  an  amplifying 
system)  which  actuates  the  valve 
to  correct  the  speed  of  the  turbine. 

A  sudden  load  of  short  duration 
can  cause  the  turbine  speed  to  be 
low,  as  shown  at  the  time  f,  on  the 
curves  of  Fig.  2(b).  Under  this 
condition  the  difference  voltage 
drives  the  motor  to  open  the  valve, 
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FIG.  1 — On*  application  oi  diiferen- 
tiatina  circuit*  is  to  sharpon  impuls** 


accelerating  the  turbine  until  the 
time  ti.  At  t,  the  turbine  speed  has 
been  corrected  and,  as  there  is  no 
difference  voltage,  the  motor  stops. 
However,  the  valve  is  open  too  wide 
and  the  turbine  continues  to  ac¬ 
celerate,  so  that  the  motor  reverses 
to  close  the  valve.  At  U  conditions 
are  set  to  reverse  and  the  oscil¬ 
lations  continue.  These  oscilla¬ 
tions,  which  are  desirable  in  many 
applications,  are  usually  kept  small 
by  damping  the  motion  of  the  valve 
with  a  dashpot.  The  valve  is  in  its 
equilibrium  position  when  the  rate- 
of-change  of  its  displacement  is 
greatest.  The  dashpot  opposes  the 
motion  of  the  valve  with  a  force 
which  is  proportional  to  the  rate- 
of-change  of  its  displacement. 

From  the  curves,  it  is  seen  that 
the  difference  voltage  also  has  its 
greatest  rate  of  change  when  the 
valve  is  at  its  equilibrium  position. 
This  offers  the  possibility  of  intro¬ 
ducing  an  electrical  circuit  to  pro¬ 


duce  an  effect  similar  to  the  dash- 
pot.  Let  a  voltage  proportional  to 
the  difference  voltage  be  put  into  a 
differentiating  circuit,  and  the  out¬ 
put  of  the  differentiating  circuit  be 
placed  in  series  with  the  voltages 
of  the  speed-control  circuit  of  Fig. 
2(a).  By  adjusting  the  magnitude 
of  this  voltage,  the  oscillations  may 
be  critically  damped,  over  damped, 
or  under  damped,  whichever  is  the 
more  desirable. 

.  R*f*areli  Applicatioas 

Integrating  circuits  can  be  used 
in  many  measurement  and  research 
problems  where  the  summation  of 
some  function  is  required  at  every 
instant.  Mechanical  methods  of  in¬ 
tegration  are  most  convenient  when 
the  function  being  integrated  is 
fairly  constant  and  uni-directional. 
However,  for  alternating  and  rap- 


FIG.  2 — Instead  oi  dampinq  th*  ralT* 
In  the  turbine  steam-line  with  a  dash 
pot,  a  differentiated  voltage  can  be  ap¬ 
plied  to  th*  motor  to  prevent  th*  system 
from  hunting 
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INTEGRATING  CIRCUITS 


idly  changing  variables,  electrical « 
integrating  circuits  such  as  are  de¬ 
scribed  in  this  paper  are  more 
satisfactory. 

A  common  application  is  in  oscil¬ 
lographic  studies  of  magnetic  flux. 
To  obtain  an  oscillogram  of  the 
magnetic  flux  linking  a  search  coil, 
the  voltage^  induced  in  the  search 
coil  can  be  applied  to  an  integrating 
circuit,  and  the  output  of  the  inte¬ 
grating  circuit  delivered  to  the 
oscillograph.  The  integrator  volt¬ 
age  is  proportional  to  the  flux  be¬ 
cause  the  induced  voltage  is  pro¬ 
portional  to  the  rate  of  change  of 
flux; 

Ei^ - AT  ^  X  10-*  volts  (1) 

The  flux  is  then  proportional  to 
the  integral  of  the  induced  voltage: 

^ ^  J*g<iudnme8  (2) 

Figure  3  shows  hysteresis  loops 
that  were  taken  using  an  integrat¬ 
ing  circuit.  These  loops  and  the 
associated  exciting  current  waves 
are  for  the  iron-cored  inductor  of 
a  series  R-L-C  circuit  experiencing 
subharmonic  oscillations.^ 

Similarly,  an  oscillogram  of  the 
displacement  of  a  moving  object  can 
be  obtained  with  a  dynamic  pickup 
if  the  object  moves  the  conductors 
of  a  coil  perpendicular  to  a  mag¬ 
netic  field.  The  voltage  induced  in 
the  coil  is  applied  to  the  integrator, 
and  the  voltage  from  the  integrator 
is  applied  to  the  oscillograph.  This 
integrated  voltage  is  proportional 
to  displacement  because  the  in¬ 
duced  voltage  is  proportional  to  the 
velocity  of  the  coil; 

^  ind  ■“  BLV  X  10-*  volts  (3) 

Displacement  is  then  equal  to  the 
time  integral  of  the  velocity. 

Duplaeement  *■  ^(Velocity)  dt  — 

10*  f 

^  J  E  ind  dt  cm  (4) 

This  is  useful  in  various  mechani¬ 
cal  problems,  such  as  studying  the 
vibration  of  a  piece  of  machinery, 
or  following  the  motion  of  a  mov¬ 
ing  part  such  as  the  intake  valve  on 
a  diesel  engine. 

In  physiological  studies,  nervous 
activity  or  other  responses  can  be 


integrated  to  compare  total  activity 
or  response  under  various  condi¬ 
tions.  If  the  signal  being  inte¬ 
grated  is  not  uni-directional,  it  is 
usually  necessary  to  rectify  the 
signal  before  it  is  integrated. 

Integrating  circuits  can  be  used 
in  many  other  applications  requir¬ 
ing  the  totalling  or  the  summation  . 
of  some  variable. 

Indoctanc*  as  a  Differentiatinq 
Circuit  Elcmunt 

To  perform  differentiation  elec¬ 
trically,  the  function  which  is  to  be 
differentiated  must  first  be  made 
proportional  at  every  instant  of 
time  to  some  electrical  quantify. 
This  can  then  be  impressed  on  some 
circuit  element  which  yields  an¬ 
other  electrical  quantity  which  is 
proportional  to  the  derivative  of 
the  impressed  quantity. 

The  voltage  applied  to  an  in¬ 
ductance  is 

'  di 

—  L  ^  volts  (5) 

If  the  current  through  the  in¬ 
ductance  can  be  made  proportional 
at  every  instant  to  the  function 


FIG.  4 — (a)  An  indudoncu  in  sarius 
with  a  large  resistance  forms  a  voltage 
differentiating  circuit  (b)  The  use  of  a 
mutual  inductance  to  couple  to  the  out¬ 
put  improves  the  differentioting  action 
of  the  circiiit.  (c)  A  pentode  replaces 
the  series  resistance  of  the  obove  dr- 
cuits.  and  also  provides  amplification, 
(d)  The  equivolent  drcuit  of  (c) 


AT  LEFT 

FIG.  3 — Exdting  current  and  resulting 
hysteresis  loops  for  an  iron-cored  in¬ 
ductor  in  an  R-L-C  circuit  undergoing 
subharmonic  osdllations.  The  hysteresis 
curves  were  obtained  by  differentiating 
the  voltage  induced  in  o  search  coil 
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which  is  to  be  integrated,  the  vol¬ 
tage  across  the  inductance  will  be 
proportional  to  the  derivative  of 
the  function. 

In  general,  however,  a  voltage 
wave  which  is  proportional  to  the 
function  is  available  rather  than  a 
current  wave.  Several  methods  are 
available  by  which  this  voltage 
wave  will  cause  a  current  that  is 
proportional  to  the  voltage  function 
to  flow  in  the  inductance.  In  the 
basic  circuit  shown  in  Fig.  4(a),  a 
resistor  is  connected  in  series  with 
the  inductor.  If  the  resistance  is 
large  compared  to  the  reactance  at 
the  highest-frequency  component 
of  the  impressed  wave,  the  voltage 
across  the  coil  will  be  negligibly 
small,  and  the  current  will  be 
nearly  proportional  to  the  applied 
voltage : 


ampem 


(6) 


,  Since  the  voltage  across  the  re¬ 
actance  is  small  compared  to  the 
voltage  across  the  resistance,  the 
output  of  the  integrating  circuit  is 
necessarily  much  smaller  than  the 
impressed  voltage.  The  minimum 
ratio  of  resistance  to  reactance 
which  is  permissible  is  discussed 
later. 

If  the  voltage  of  Eq.  (6)  is  to  be 
measured  across  the  coil  directly, 
the  resistance  of  the  coil  must  be 
quite  small  to  insure  that  the  iR,. 
voltage  drop  is  negligibly  small. 
This  tiZt  voltage  drop  can  be  com¬ 
pletely  eliminated  if  the  output 
voltage  is  obtained  by  mutual  in¬ 
ductance  from  a  second  coil  on  the 
same  core  as  the  first,  as  shown  in 
Fig.  4(b).  This  is  a  much  more 
desirable  circuit  in  most  applica¬ 
tions,  because  the  resistance  of  the 
first  coil  does  not  distort  the  out¬ 
put  wave-form.  It  simply  aids  the 
series  resistor  in  making  the  cur¬ 
rent  proportional  to  the  applied 
voltage.  The  output  voltage  in¬ 
duced  in  the  second  coil  is 


Et 


M  ^  volts 
at 


(7) 


Its  magnitude  can  be  adjusted  by 
adjusting  the  turns  on  the  second¬ 
ary  coil. 

The  current  through  the  in¬ 
ductance  can  also  be  made  propor¬ 
tional  to  the  applied  voltage  by 
using  a  tetrode  or  pentode  vacuum 
tube.  The  plate  current  of  these 
tubes  is  almost  independent  of  the 
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plate  voltage.  If  the  signal  to  be 
differentiated  is  applied  to  the  con¬ 
trol  grid,  the  resulting  plate  cur¬ 
rent  will  be  proportional  to  the 
signal  and  nearly  independent  df 
the  load  impedance.  As  shown  in 
Fig.  4(c)  and  4(d),  this  is  equiva¬ 
lent  to  substituting  the  plate  re¬ 
sistance  of  the  vacuum  tube  for  the 
series  resistance  used  in  the  basic 
circuits  of  Fig.  4(a)  and  4(b). 
These  circuits  offer  two  advantages 
over  using  the  tube  as  a  conven¬ 
tional  amplifier  with  the  basic  cir¬ 
cuit:  First,  more  voltage  is  avail¬ 
able  at  the  output  for  a  given  input 
voltage;  second,  a  greater  swing  of 
plate  voltage  is  permissible  for  a 
given  battery  voltage. 


IndMcton 

Elamaat 

Inductance  can  also  be  used  to 
integrate.  From  Eq.  (6),  it  is  seen 

that 

di  ^  j  Etdt  amperes  (8) 

Li 

and 

i  ^  j  J*El  di  amperes  (9) 

Thus  if 

the  voltage  that  is  to  be  in- 

tegrated  is  applied  to  an  inductance, 
the  resulting  current  is  propor¬ 
tional  to  the  integral  of  the  applied 
voltage.  If  the  integrated  function 
is  to  be  amplified  or  applied  to  an 
oscillograph,  this  current  must  be 
converted  ipto  a  proportional  volt¬ 
age  by  passing  it  through  a  re¬ 
sistance  as  shown  in  Fig.  6. 

If  it  is  to  be  assumed  that  the 
applied  voltage  is  the  voltage 
across  the  inductance,  the  total  re¬ 
sistance  of  the  circuit  must  be 
negligibly  small  compared  to  the  re¬ 
actance  of  the  coil  at  the  lowest- 
frequency  component  of  the  applied 
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FIG.  6 — If  Ui«  Toltag*  to  bo  dlfforon- 
iiotod  contains  only  a-c  compononts.  o 
capacitor  con  sorro  for  difforontlatinq 


voltage.  This  means  that  the  out¬ 
put  voltage  is  again  very  much 
smaller  than  the  impressed  voltage. 

The  inductance  is  best  suited  for 
use  as  a  differentiating  and  inte¬ 
grating  circuit-element  when  this 
portion  of  the  circuit  must  carry  a 
direct  component  of  current.  It  is 
unsatisfactory  for  use  in  many  ap¬ 
plications.  At  low  frequencies,  a 
large  coil  is  necessary  to  give  a 
reactance  which  is  high  compared 
to  its  own  resistance.  At  high  fre¬ 
quencies,  the  current  through  the 
distributed  capacitance  of  the  coil 
becomes  large,  so  that  Eq.  (5)  and 
(7)  are  no  longer  valid.  If  an  iron 
core  is  used,  an  air-gap  should  be 
inserted  to  insure  that  the  self  in¬ 
ductance  and  the  mutual  inductance 
remain  essentially  constant. 

Capacitaac*  as  a  DHYarantiatiag 
Cireaif  Eiemeat 

Because  of  their  low  cost,  small 
size  and  freedom  from  residual  re¬ 
sistance  and  inductance,  capacitors 
are  generally  more  satisfactory  than 
inductors  for  differentiating  or  in¬ 
tegrating  circuit  elements.  How¬ 
ever,  they  cannot  carry  direct  com¬ 
ponents  of  current,  as  the  inductors 
do,  which  is  a  disadvantage  in 
some  applications. 

The  charge  on  a  capacitor  of  C 
farads  and  the  current  through  the 
capacitor  are 

7  couloDibs  (10) 


'  amperes 


(11) 


dt  ^  dt 

This  enables  the  capacitor  to  be 
used  as  a  differentiating  circuit  ele¬ 
ment.  If  the  function  to  be  differen¬ 
tiated  is  proportional  to  the  voltage 
applied  to  the  capacitor,  the  result¬ 
ing  current  through  the  capacitor  is 
proportional  to  the  derivative  of 


140 


Noymb^r  f 944  —  ELECTRONICS 


I 


( — ® 
utpuf 


FIG.  ^—Caapax*  this  copacitaiic*  in- 
l•gratlng  circuit  with  th*  tuductouc* 
dUluruntlating  circuit  of  Fig.  4(a) 


FIG.  8 — Noon  leonp  circuit  nood  to  porl> 
odlcolly  dlschorgo  tho  intogratlng  ca¬ 
pacitor  whon  charging  U  nnidlroctional 


FIG.  9 — Boole  intogroting  drcnlt  using 
a  capacitor  ond  ampUilor.  Tho  signal 
sourco  proTidos  o  d-e  poth  to  ground 


the  applied  voltage.  As  shown  in 
Fig.  6,  a  small  resistance  can  be 
placed  in  series  with  the  capacitor 
to  give  an  output  voltage  proper* 
tional  to  this  current. 

Capoeitaneo  as  an  Intogratlng  Clrenit 
Elomont 

The  charge,  q,  which  is  delivered 
by  a  current  is,  from  Eq.  (11), 

9  df  coulombs  (12) 

Any  circuit  element  which  yields  a 
measure  of  the  charge  when  a  cur¬ 
rent  is  passed  through  it  can  be 
used  in  an  integrating  circuit.  An 
example  of  this  was  the  old  elec¬ 
trolytic  ampere-hour  meter,  which 
measured  the  ampere-hours  taken 
by  a  customer  in  terms  of  the 
change  of  weight  of  a  plate  in  an 
electrolytic  cell. 

Several  circuits,  which  can  be 
adapted  for  use  over  a  wide  range 
of  frequencies,  measure  the  charge 
delivered  by  the  current  in  terms  of 
the  voltage  across  a  capacitor.  From 
Eq.  (10)  and  (12),  it  is  seen  that 
the  voltage  across  a  capacitor  is 

Ec  *■  ^  J*i  di  volts  (13) 

Thus  if  the  current  through  the  ca¬ 
pacitor  is  made  proportional  at 
every  instant  to  the  function  which 
is  to  be  integrated,  the  voltage 
across  the  capacitor  is  proportional 
to  the  time  integral  of  the  function. 
To  obtain  a  current  which  is  pro¬ 
portional  to  the  function  from  a 
voltage  which  is  proportional  to  the 
function,  connect  a  resistor  in  ser¬ 
ies  with  the  capacitor  as  shown  in 
Fig.  7.  If  the  resistance  is  large 
compared  to  the  reactance  of  the  ca¬ 
pacitor  at  the  lowest-frequency 
•omponent  of  the  impressed  wave, 
the  voltage  across  the  capacitor  will 
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be  negligibly  small,  and  the  current 
will  be  nearly  proportional  to  the 
applied  voltage  at  every  instant. 

(14) 

If  the  current  being  integrated 
is  uni-directional,  or  has  an  aver¬ 
age  value  predominantly  in  one  di¬ 
rection,  the  voltage  across  the  ca¬ 
pacitor  will  rise  continuously,  so 
that  it  will  not  remain  small  copi- 
pared  to  the  voltage  across  the  re¬ 
sistor.  Under  these  conditions,  the 
capacitor  can  be  discharged  through 
a  thyratron  or  glowtube  when  its 
voltage  reaches  a  predetermined 
value.  The  discharge  current  can 
be  made  to  operate  a  counter  by 
passing  it  through  a  small  resis¬ 
tance  inserted  at  a  in  Fig.  8,  and 
applying  the  resulting  positive  pulse 
of  voltage  to  the  grid  of  a  thyra¬ 
tron.  The  plate  current  of  the*  thy¬ 
ratron  can  actuate  a  solenoid- 
operated  counter.  In  this  way  the 
counter  indication  times  the  charge 
accumulated  before  each  discharge 
gives  the  total  integral. 

The  bias  battery  used  in  series 
with  the  gas-glow  tube  should  have 
a  voltage  approximately  half-way 
between  the  voltages  at  which  the 
glow  tube  ignites  and  extinguishes. 
With  this  bias  voltage,  the  average 
leakage  through  the  tube  and  ca¬ 
pacitor  will  be  zero.  Circuits  of  this 
kind  can  be  used  to  measure  very 
small  currents  by  integrating  the 
current  to  evaluate  the  charge  de¬ 
livered  in  a  measured  interval  of 
time. 

Practical  CircHlts 

As  with  the  inductor,  the  output 
voltage  from  circuits  using  a  capac¬ 
itor  to  integrate  is  much  smaller 
than  the  applied  voltage.  If  the 
output  voltage  is  to  be  amplified  by 


a  conventional  amplifier,  the  voltage 
across  the  capacitor  should  be  ap¬ 
plied  directly  to  the  grid  of  the  am¬ 
plifier,  without  a  grid  resistor,  as 
shown  in  Fig.  9.  A  grid  resistor 
would  be  in  parallel  with  the  capac¬ 
itor,  and  would  tend  to  disturb  the 
integral  relationship  between  cur¬ 
rent  and  charge.  To  prevent  the 
grid  from  fioating,  the  input  cir¬ 
cuit  should  provide  a  d-c  path  to 
ground. 

As  was  discussed  earlier,  the 
plate  resistance  of  a  tetrode  or 
pentode  vacuum  tube  can  be  substi¬ 
tuted  for  the  series  resistor  used  in 
the  basic  circuit  of  Fig.  7.  The  ideal 
load  impedance,  Z,  in  Fig.  10(a) 
and  10(b)  would  carry  only  the  di¬ 
rect  component  of  the  plate  current, 
so  that  all  variations  of  the  current 
which  were  caused  by  the  signal  on 
the  control  grid  would  be  forced  to 
flow  through  the  capacitor.  The 
best  impedance  to  use  depends 
chiefly  on  the  frequency  of  the  sig¬ 
nal  being  integrated.  Since  the  sig¬ 
nal  component  of  the  current  in  Z 
should  be  small,  the  impedance  of  Z 
must  be  large  compared  to  the  re¬ 
actance  of  the  capacitor  at  the  low¬ 
est-frequency  component  of  the  im¬ 
pressed  wave. 

A  resistor  is  generally  unsatis¬ 
factory  for  use  as  the  load  imped¬ 
ance  Z,  because  if  it  is  larg^  enough 
to  prevent  the  flow  of  an  appreci¬ 
able  portion  of  the  signal  current, 
an  excessive  battery  voltage  is  re¬ 
quired  to  give  a  reasonable  plate 
voltage.  Since  a  pentode  vacuum 
tube"  with  constant  control-grid 
voltage  carries  a  plate  current 
which  is  nearly  constant  and  in¬ 
dependent  of  plate  voltage,  a  pen¬ 
tode  could  be  used  for  this  load 
impedance,  as  shown  in  Fig.  10(c)  ; 
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FIG.  10— (a)  Th*  lar^s  rMistor  of  FI9.  7  can  bo  roplacod  by  a 
pontodo  If  lnto9Torting  capacitor  can  bo  bridgod  by  on 
impodonco  Z  which  will  poM  diroct  curront  but  will  boro  a 
Tory  high  (idooUy  infinite)  impodonco  to  alternating  enrront. 
Tho  oguiTolont  circuit  ia  shown  at  (b).  (c)  A  pontodo  can  bo 
nsod  for  tho  impodonco  Z.  (d)  Push-poll  Torsion  of  tho  circuit 


of  (c)  oliminatos  tho  nood  for  by-pass  copocitors,  thoroby  pro- 
Tiding  unlimitod  low-froquoncy  intogration.  Whoro  tho  woro 
to  bo  intogratod  doos  not  contoin  an  oxtromoly  low-froquoncy 
componont,  tho  circuit  at  (o)  can  bo  nsod.  Tho  inductor  is  tho 
impodonco  Z  of  (a).  Tho  circuit  shown  hos  boon  dosignod  for 
diroct  coupling  to  an  ampUfter  stago 


this  is  equivalent  to  using  the  plate 
resistance  of  the  pentode  for  a  load 
impedance.  If  the  cathode  bias  re¬ 
sistor  is  made  large,  its  degener¬ 
ative  effect  will  help  maintain  a 
constant  current  through  this  tube. 
This  circuit  is  somewhat  similar  to 
the  Schmitt*  amplifier. 
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FIG.  11 — Using  tho  integration  circuit  of 
Fig.  7.  with  A  =  10.000  ohms  and  tho 
impodonco  of  at  tho  lowost  fro- 
qpioncy  componont  of  tho  appliod 
squaro  woro  rolatod  to  R  os  tobnlatod 
oboTO.  It  is  soon  that  a  ratio  of  H/Xc  = 
0  proTidos  offoctiToly  porfoct  intogration 


If  these  circuits  use  tubes  in 
push-pull,  as  shown  in  Fig.  10(d) 
and  10(e),  they  are  much  more  sta¬ 
ble,  and  have  the  many  other  ad¬ 
vantages  of  push-pull  circuits. 
Wider  voltage  swing  is  permissible. 
Distortion  from  non-linearity  of 
the  characteristics  is  balanced  out. 
No  net  direct  current  magnetises 
the  core  of  an  iron-core  inductive 
load.  No  net  direct  voltage  appears 
across  the  integrating  capacitor. 


The  output  of  the  various  circuits 
discussed  in  this  paper  is  only  ap¬ 
proximately  proportional  to  the  de¬ 
rivative  or  the  integral  of  the  im¬ 
pressed  quantity,  depending  on  the 
ratio  of  the  selected  reactances  and 
resistances.  The  differentiation  or 
integration  -becomes  more  accurate 
as  the  impedance  from  which  the 
output  voltage  is  taken  is  made 
smaller.  However,  the  output  volt¬ 
age  is  also  made  smaller  as  this  im¬ 
pedance  is  decreased. 

To  serve  as  a  guide  in  selecting 
the  ratio  of  resistance  to  reactance, 
the  I?-C  integrating  circuit  shown 


in  Fig.  7  was  tested  with  a  rec¬ 
tangular  wave  input.  The  resis¬ 
tance  was  10,000  ohms.  Since 


fK^ 


the  integral  of  the  rectangular  wave 
should  be  a  triangular  wave. 

For  the- first  curve  of  Fig.  11,  the 
capacitance  was  set  at  zero,  so  that 
the  square-wave  input  appeared 
across  the  output.  For  the  follow¬ 
ing  curves,  the  capacitance  was  set 
to  give  the  values  of  B  Xe  that  are 
indicated,  where  Xo  is  calculated 
for  the  lowest-frequency  compon¬ 
ent  of  the  square- wave  input.  It 
was  necessary  to  increase  the  gain 
of  the  oscillograph  to  hold  the  pat¬ 
tern  at  approximately  the  same  size 
when  the  capacitance  was  increased. 

These  tests  indicate  that  a  ratio 
of  to  X  greater  than  eight  is  sat¬ 
isfactory  for  most  oscillographic 
work. 
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More  often  than  not,  the  socket  in  service  is  a  CINCH 


Sixteen  years  ago  Cinch  started  manufoctur>  '  HI ' 

ing  sockets  for  radio  sets.  As  the  years  went  Tf 

along  we  kept  expanding  and  adding  to  vJR. 

our  line.  Continual  pioneering  on  socket 

development  as  new  tubes  were  designed  and  associoted  items.  Special  types,  too,  hove 

has  always  been  the  Cinch  policy.  In  addi*  been  an  important  contribution  to  the  elec¬ 

tion  to  original  research  on  sockets,  both  tronic  program.  Such  a  performance  indicates 
lominated  and  molded,  we  were  first  in  the  socket  engineering  KNOW  HOW  and  the 

field  with  a  complete  line  of  miniature  socket  Cinch  socket  line  is  as  complete  os  practical 

assemblies  together  with  nut  straps,  shields  volume  considerations  would  warrant. 

''First  in  the  field"  with  a  camplete  line  of  Miniature  Socket  Assemblies  and  Mountings 

MANUFACTURING  CORPORATION 

2335  Wait  Van  Bwran  Siraat,  Ckicaga  12,  lllinais 

Subsidiaiyol  UNITED  CARR  FASTENER  CORPORATION  Cambridge.  Man. 
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Electronic  Indicator  for  Oil  Refining  Plant  * 


In  modern  oil  refinery  methods, 
accurate  boiling  points  of  the  vari¬ 
ous  vapors,  to  be  separated  in  frac¬ 
tionation,  must  be  pre-determined 
in  the  laboratory.  This  is  now  ac¬ 
complished  with  electronic  equip¬ 
ment. 

The  instrument,  manufactured 
by  Brown  Instrument  Co.,  is  a  con¬ 
tinuous  balance  potentiometer  py¬ 
rometer,  which  utilizes  electron 
lubes  to  magnify  a  small  temper¬ 
ature  gradient.  This  is  mechani¬ 
cally  connected  to  a  conventional 
Brown  recording  iwtentiometer.  A 
special  high-sensitivity  fine  wire 
thermocouple,  consisting  of  six  indi¬ 
vidual  Couples  spaced  about  one- 
half  inch  apart,  is  located  in  the  re¬ 
flux  zone  of  the  fractionating  col¬ 


umn.  The  electromotive  forces  pro¬ 
duced  by  these  thermocouples  are 
amplified  by  the  electron  tubes  and 
recorded  continuously  by  pen  on  a 
time-temperature  strip  chart. 

The  instrument  finds  particular 
application  at  present  in  the  rapid* 
and  accurate  analyses  of  four  and 
five-carbon  hydrocarbons.  The  spe¬ 
cial  thermocouple  covers  all  possible 
positions  of  a  wandering  condensa¬ 
tion  ring,  which  is  known  to  vary 
several  inches  up  or  down  in  the 
fractionating  column.  Thus  the 
true  boiling  point  of  a  compound  is 
accurately  recorded  no  matter  which 
couple  is  located  in  the  coldest  zone. 
This  could  never  be  accomplished 
by  a  single- junction  thermocouple. 
The  electronic  recorder  and  the  spe¬ 


Th*  boiUaq  point  of  any  hydrocarbon  fraction  on  oil  rofinor  dMlrM  to  Mporoto  con 
bo  dotonninod  by  oloctronic  apparatus  usod  in  conjunction  with  this  pilot  fracttona* 
tion  towor  rocontly  installed  at  tho  Richfiold  100-plus  octane  refinery.  In  the  photo 
oboTO.  the  engineer  is  adjusting  the  OQuipnient  wUle  notlnv  readings  on  the  Brown 

Instrument  recorder 


Towers  of  the  alkylation  unit  at  the 
Richfield  refinery  whwe  electronic  ap¬ 
paratus  is  used  to  Indicate  the  boilinq 
point  of  the  Torious  vapors.  In  the 
unit  above,  iso-pentone  ond  iso-butcrae 
are  combined  into  alkylate,  the  blend¬ 
ing  agent  that  puts  long  range  into 
super-octane  aviation  gasoline 

cial  Podbielniak  fractionating  col¬ 
umn  make  possible  rapid  and  accu¬ 
rate  separation  of  compounds  whose 
boiling  points  are  only  one  and  one 
half  degrees  apart,  a  feat  which 
cannot  be  accomplished  by  the  older 
type  of  apparatus. 

The  new  development  consider¬ 
ably  reduces  distilling  time,  with  in¬ 
creased  accuracy,  and  opens  up  a 
new  field  in  fractional  distillations. 
To  accomplish  the  perfect  blendings 
necessary  in  producing  the  new 
“100-plus”  octane  gasoline  used  in 
war  planes,  Richfield  Oil  Corp.  has 
installed  this  electronic  equipment 
in  its  newly  expanded  refinery  near 
Los  Angeles. 


Electronic  Heating  in 
Textile  Industry 

Tests  conducted  with  electronic 
heating  have  shown  that  resin-im¬ 
pregnated  fabrics  may  be  cured  in 
roll  form.  Curled  selvages  are  elim¬ 
inated  by  this  form  of  drying,  and 
uniformity  of  curing  is  obtained  be¬ 
cause  temperature  may  be  con¬ 
trolled  accurately.  Resin  which  is 
deposited  on  the  innermost  section 
of  the  fabric  structure  receives  the 
same  degree  of  heat  as  that  on  the 
outside.  Laminated  fabrics  may 
also  be  cured  in  roll  form. 

Successful  setting  of  twist  in 
rayon  and  in  nylon,  handling  yarn 
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This  Vibrator 
Carries  Its  Own 
Air  Protection 


■  j  vibrators  must  be  dependable — now  or 

J7  after  months  of  storage — and  under  a  variety  of 
conditions  ranging  from  the  chilling  near-vacuum  of 
the  stratosphere  to  the  moist,  corrosive  atmosphere 
of  a  submarine.  Ordinary  peacetime  vibrators  just  can’t 
meet  these  war  requirements.  Their  containers  breathe 
and  admit  trouble-making  fumes.  They  fail  to  function 
in  some  types  of  high-altitude  aircraft  equipment, 
because  lack  of  internal  air  pressure  causes  ionization 
breakdowns. 

That’s  why  this  Mallory  vibrator  is  enclosed  in  a  spe¬ 
cially  designed  case,  hermetically  sealed  to  keep  it 
air-tight.  This  is  double  assurance  that  fine  tungsten 
contacts  and  other  precision  parts  will  function  per¬ 
fectly  under  the  toughest  assignments. 

Today,  Mallory  hermetically  sealed  vibrators  flow  from 
the  production  line  to  every  battle  front.  They’re  used 
on  ships  and  planes  and  tanks — and  they  take  their 
own  three  cubic  inches  of  normal  atmosphere  with 
them.  To  test  this  "breathing  space,”  each  vibrator  is 
subjected  to  an  internal  pressure  of  twenty  pounds 
per  square  inch. 


If  you  manufacture  receivers  or  transmitters  for  war¬ 
time  use — or  any  other  battery-powered  equipment 
subject  to  unusual  atmospheric  stresses — get  the  com¬ 
plete  facts  about  Mallory  hermetically  sealed  vibrators. 
See  your  Mallory  distributor,  or  write  direct. 


Built  to  Take  Rough  Treat ineot— 

«\LLORY  Vibrapack* 

Flexible  heavy-duty  vibrator 
power  supplies,  built  to  take 
rough  handling  and  to  operate 
under  great  extremes  of  heat, 
cold  and  humidity.  Widely 
used  under  war  conditions: 
ideal  for  peacetime  products. 

*Vibrapack  is  the  registered  trade¬ 
mark  of  P.  R.  \faUory  A 
Ine.,  for  vibrator  pouer  supplies. 


P.  R.  MALLORY  &  CO.,  Inc.,  INDIANAPOLIS  6,  INDIANA 


Buy  More 
War  Bonda 


VIBRATORS 

AND  VIBRATOR  POWER  SUPPLIES 
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hardened  pump  liners  were  aug¬ 
mented  by  specifications  which  re¬ 
quire  a  finished  tolerance  of  0.001 
of  an  inch.  The  variation  in  liner 
sizes  and  materials  used  required 
grinding  speeds  over  a  wide,  closely 
regulated  stepless  range  in  order  to 
secure  the  desired  tolerance  and 
finish.  This  stepless  quality  in  speed 
regulation  permits  the  operator  to 
choose  just  the  right  speed  for  size 
of  hole  material  to  be  finished  and 
grade  and  grit  of  the  wheel.  This 
helps  to  eliminate  vibration  and 
chatter  marks  in  the  work  and  gives 
a  straight,  true,  round  hole,  an  ideal 
condition  for  the  honing  operations 
that  follows,  for  unless  a  perfect 
hole  is  presented  to  the  hone  it  is 
apt  to  follow  any  irregular  condi¬ 
tions  of  the  ground  hole. 


on  cones  as  large  as  18  lb,  was  re¬ 
ported  in  Electronics  for  Septem¬ 
ber,  1944. 

Rayon  cakes  may  also  be  dried 
with  high-frequency  equipment  and 
can  be  handled  in  throwing  mills 
after  tinting  or  other  processing  op¬ 
erations  where  it  is  advisable  to 
handle  the  yarn  in  cake  form.  This 
type  of  drying  permits  dyeing  of 
rayon  in  cake  form  as  the  cakes  may 
be  dried  either  in  a  vacuum  or  at 
atmospheric  pressure.  Handling 
rayon  in  cake  form  eliminates  skein¬ 
ing  and  other  handling  operations. 

Electronic  heat,  for  drying  in 
slashing  operations  holds  possibil¬ 
ities,  and  other  uses  suggested  by 
Textile  World  include  the  drying  of 
heavj'  paper-makers’  felts,  heavy 
carpets,  and  other  textile  fabrics  of 
great  bulk,  either  in  roll  or  in  sheet 
form. 


Electronic  oquipmont  la  tho  cabinot  >up- 
pUos  currant  to  tho  shunt-wound  motor 
at  left.  Tho  pushbutton  and  spood  con¬ 
trol  panel  permits  stepless  operation 
over  a  ZO-lo-l  range  while  the  grinder 
Is  running 


Advantages 

In  addition  to  the  advantages 
gained  by  providing  stepless  adjust¬ 
able  speed  over  a  wide  range, 
physical  advantages  were  gained  by 
new  layouts  of  the  machines.  The 
three  grinders  were  reset  on  a  35- 
degree  angle  with  k  saving  in  floor 
space  of  about  one-third.  Removal 
of  all  overhead  pulleys,  belts  and 
shafting  resulted  in  increased 
safety,  improved  illumination  and 
elimination  of  vibration. 

The  time  study  department  at 
Axelson  reports  that  an  appreciable 


30-Year  Old  Grinders  Use  Electronic  Control 

Electronic  control  can  provide  working  conditions.  The  electronic 
old  machines  with  greatly  improved  drive  (called  Mot-O-Trol  by  West- 
operating  characteristics  when  it  is  inghouae)  consists  of  an  electronic 
impractical  to  obtain  new  machine  rectifier  to  change  alternating  cur- 
tools.  tJse  of  electronic  motor  rent  to  direct  current,  plus  a  d-c 

drives  on  three  30-year  old  Heald  driving  motor  whose  stepless  speed 
grinders  resulted  in  improved  qual-  is  controlled  by  a  potentiometer  in 
ity  of  precision  finishing,  vibration-  the  pushbutton  station, 
free,  stepless  speed  control  over  a  At  the  Axelson  Manufacturing 
20-to-one  speed  range  and  better  Company,  problems  in  machining 


Bofor*  the  adTeat  of  electronic  controL  these  SO-year  old 
He«ld  grinders  were  powered  by  belt-aad-pnlley  drive  that 
allowed  only  four  speeds  to  machinists,  occupied  considerable 
space  on  the  floor  and  blocked  light  ond  venfllotion 


After  replacing  the  overhead  countershaft  with  a  Westing- 
house  electronic  drive,  additional  working  space,  smooth 
speed  change  over  a  20-to-l  ronge  ond  pushhuttea  speed 
adiustment  were  provided  for  the  grinders 
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BTR  Vd-ff^att,  IRC  Insulated  ** Metallized**  Resistor  L.ys"  -^Di.  %2 


H  .  ilo,  it^s  not  a  dream!  It*s  an 
^  . .  actual  postwar  reality.  For  that’s 
the  kind  of  production  capacity 
V  we’ve  developed  at  the  IRC 

W  .  •  plants  for  turning  out  these 
I  midget  V4-watt  insulated  resistors 
I  for  Uncle  Sam.  And  that’s  the  way 
'  we  can  continue  to  turn  them  out 
...  for  you,  immediately  we  have  ful¬ 
filled  our  basic  obligation  and  restrictions 
are  eased  to  any  appreciable  extent. 


r  World* 5  Smallest  V4-Watt  Resistor 

You’ll  find  the  same  high  quality  standards 
present  in  these  tiny  trojans  that  you  have 
long  recognized  in  the  popular  IRC  type  BT’s. 
One  of  the  smallest  insulated  resistors  on  the  market, 
the  BTR  will  find  wide  application  in  all  t3rpes  of 
postwar  electronic  equipment  requiring  low-power 
resistors.  Samples  and  technical  data  sent  on  request. 


401  NORTH  BROAD  STREET  •  PHILADELPHIA  8,  PA.  *  tti 

IRC  makus  more  fypes  of  nsistemeo  unHs^  hn  more  shapos,  for  more  applications  than  any  athor  manvfacturor 
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saving  in  set-up  time  has  been 
effected.  V.  Mancuso,  works  man¬ 
ager,  believes  this  is  due  largely  to 
the  better  illuminated  working  area, 
plus  less  complicated  controls  and 
spe^  changing  apparatus  on  the 
grinders.  The  machinist  can  pre¬ 
set  work  speed  either  before  start¬ 
ing  work  or  change  speed  while  the 
motor  drive  is  running.  Since  speed 
change  can  be  made  smoothly,  this 
can  be  done  without  danger  of 
spoiling  the  work  in  process. 

Besides  a  wide  speed  range,  the 
Mot-O-Trol  provides  regulation 
that  is  effective  in  maintaining  a 
constant  motor  speed  with  wide 
changes  in  load  and  limits  the  motor 
current  to  a  definite  maximum  safe 
value.  Speed  control  rheostats  are 
so  small  that  they  can  be  built  into 
a  pushbutton  station. 


Tk*  photo  oboTO  ihowi  a  WMttnghouM  •loetronic  control  dosk  and  monitoring 
panol  in  a  utility  company  offico  whoro*it  it  usod  with  powor-lino  carrior  •qnipmoni 
ior  tuporritory  control  and  ieralt  corroction 


Five  Uses  of  Electronics  in  the  Electric  Light  and  Power  Industry 


Utility  companies  have  used  the 
following  five  applications  of  elec¬ 
tronic  apparatus  to  extend  and  as¬ 
sure  continuity  of  electric  service, 
as  well  as  conserve  electric  energy 
by  redyeing  the  time  normally  re¬ 
quired  to  perform  the  operation. 

1 —  Hi-speed  power  line  carrier 
relaying  to  disconnect  the  circuit  in 
case  of  faults  in  the  prqtected  sec¬ 
tion. 

2 —  Power-line  carrier  intersys¬ 
tem  communication. 

3 —  Telemetering  to  expedite  load 
dispatching  or  load  control  so  as  to 
assure  adequate  power  when  and 
where  needed. 

4 —  Supervisory  control  using 
power-line  carrier  equipment. 

6 — Meter  and  instrument  testing, 
plus  load-regulating  equipment. 

Carrier  Relaying 

Supplying  more  kilowatts  on  ex¬ 
isting  transmission  lines  is  one  of 
the  many  problems  faced  by  util¬ 
ities;  not  only  more  kilowatts,  but 
better  and  faster  clearing  of  line 
faults  as  well  as  high-speed  openihg 
and  closing  of  circuit  breakers.  To 
do  this,  many  schemes  have  been 
proposed.  Electronic  equipment  has 
provided  the  answer  in  the  form  of 
power-line  carrier  relaying. 

For  good  system  operation,  the 
high-speed  clearing  of  faults  on 
transmission  lines  is  important. 
The  best  overall  protection  is  pro¬ 


vided  by  the  method  known  as  dif¬ 
ferential  relaying,  in  which  condi¬ 
tions  at  the  two  ends  of  the  line  are 
compared.  This  determines  whether 
the  fault  is  on  the  line  section  or 
external  to  the  protected  zone  and 
assures  simultaneous  tripping  of 
circuit  breakers  in  1  to  3  cycles. 
Such  action  is  desirable  from  the 
standpoints  of  stability,  continuity 
of  service,  quick  reclosing,  and  min¬ 
imum  damage  to  equipment. 

Power-LAne  Carrier 

Power-line  carrier  provides  a 
highly  reliable  type  of  communica¬ 
tion  by  utilizing  the  power  line  for 
the  communication  channel. 

Improvements  and  developments 
such  as  electronic  switching,  high- 
voltage  line-coupling  equipment  and 
other  refinements  have  been  given 
an  impetus  unequalled  in  more  nor¬ 
mal  times. 

The  frequencies  usually  utilized 
range  from  60  to  150  kc.  The  r-f 
energy  is  confined  almost  entirely 
to  the  wire  lines  and  not  radiated 
into  space  as  is  common  in  radio 
broadcasting.  This  results  in 
greater  efficiency  and  makes  it  pos¬ 
sible  to  transmit  greater  distances 
with  less  high-frequency  energy. 

An  important  application  of 
power-line  carrier  is  to  provide  re¬ 
liable,  high-quality  voice  communi¬ 
cation  between  various  points  on 
the  system,  such  as  generating  sta¬ 


tions  and  dispatchers  offices,  or  be 
tween  dispatchers  offices  of  inter 
connected  systems. 

Telemetering 

Transmitting  electrical  values 
from  remote  points  on  a  transmis 
sion  system  to  a  central  point  where 
they  are  summed  up  and  inter 
preted,  then  sent  back  as  control 
impulses  to  the  point  of  origin  or 
to  any  other  point  on  the  system,  is 
called  telemetering.  With  electronic 
apparatus,  speed  and  accuracy  are 
obtained,  coupled  with  the  advan 
tage  of  not  having  parasitic  bur 
dens  imposed  on  the  measuring  de¬ 
vices  such  as  watthour  meters,  indi 
eating  and  recording  instruments. 

Electronics  has  made  the  trans 
mission  of  essential  operating  in 
telligence  not  only  accurate  and 
fast,  but  also  brings  together  sig 
nificant  quantities  which  can  be 
used  independently  for  manual  sys 
tern  control  or  totalized  to  initiate 
automatic  load-control  equipment 

Supervisory  Control 

Essential  circuit  breakers  serv¬ 
ing  vital  power  areas,  when  dis¬ 
turbed  by  line  faults,  can  be  rapidly 
restored  to  normal  service  by 
power-line  carrier  systems.  Appa¬ 
ratus  switching  at  distant  gener¬ 
ator,  transformer  or  conversion 
stations  are  all  electronic  functions. 

The  cost  of  older  but  well  ac- 
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It  is  not  enough  to  design  a  Microphone  that  merely  converts  sound 
waves  into  electrical  impulses.  A  Microphone,  to  be  truly  useful  in  modem 
broadcasting,  should  be  discriminating  enough  to  accept  wanted  sounds 

—  and  reject  unwanted  sounds.  Shure  Research  was  the  first  to  develop 
a  single  unit  uni-directional  Microphone,  both  crystal  and  dynamic. 

Shore  Research  is  the  reason  why  practically  every  major  broad¬ 
casting  station  uses  the  Shure  556  Unidyne.  Shure  Research  is 
your  assurance  of  postwar  microphone  superiority. 


SHURE  BROTHERS.  33.'S  Went  Umrmm  Chieag* 

Designers  and  Manufacturers  of  Microphones  and  Acoustic  Devices 
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cepted  systems  was  a  function  of 
distance  because  of  cables,  tele¬ 
phone  lines  and  other  associated 
apparatus.  Powerline  carrier  cir¬ 
cumvents  these  costs  by  using  ex¬ 
isting  transmission  lines,  leaving 
only  terminal  factlltios  to  be  In¬ 
stalled.  Since  distance  is  no  longer 
a  controlling  limitation,  power-line 
carrier  operates  over  greater  dis¬ 
tance  than  pilot  wire,  and  permits 
wider  application  for  this  type  of 
control.  f 

Meter  Calibration 

Meter  and  instrument  testing  has 
always  been  an  essential  part  of 
any  electric  light  and  power  com¬ 
pany.  By  the  use  of  electronic  ap¬ 
paratus,  the  human  element  is  min¬ 
imized  and  greater  speed  and  ac¬ 
curacy  are  obtained. 

Under  the  present  system  of 
manual  testing  of  watthour  meters, 
a  good  meter  laboratory  can  average 
approximately  60  meters  per  eight 
hour  day  per  man. 

With  .visual  types  of  electronic 
equipment,  as  many  as  135  meters 
per  day  are  being  tested. 

Load  Control 

The  bug-a-boo  of  indicating  in¬ 
strument  and  integrating  meter 
testing  has  been  load  control.  Au¬ 
tomatic  electronic  load  regulators 
now  speed  up  instrument  testing 
and  increase  accuracy  with  subse¬ 
quent  conservation  of  manpower. 
In  addition,  a  reduction  of  electri¬ 
cal  energy  is  effected  by  cutting 
down  the_  time  previously  required 
to  make  the  test. 

That  electronic  devices  have  and 
will  continue  to  perform  an  impor¬ 
tant  part  in  the  distribution  and 
control  of  electrical  energy  was  also 
predicted  by  Amos  J.  Germaine,  of 
the  electronics  section  of  Westing- 
house,  in  addressing  members  of 
the  Iowa  State  Utilities  As.sociation 
at  a  recent  meeting. 

•  •  • 

Portable  Flutter 
Recorder  for  Planes 

Flutter  can  be,  and  in  most  cases 
is,  avoided  in  designing  planes. 
Especially  in  large  planes,  it  rarely 
appears  in  the  first  model,  in  any 
severe  form.  Sometimes  it  appears 
in  a  particular  plane  after  months 
of  use  where  it  did  not  exist  in  the 
prototype.  With  a  new  flight  vibra¬ 
tion  recorder,  velocity  or  acceler- 


IM 


NoYombor  —  ELECTRONICS 


f 


I 


NEW  YORK.  Cintin  BnUdiii  .  DETROIT.  714  Hshtr  Bifldhii  •  CtRCAGO,  1229  W.  WasttaftM  Bsatevart  «  PHILADELPHIA,  IB  W.  ChaitM  kmm  BaMiiv 
'  PITTSBURGH.  2882  W.  Llbwly  kn.  •  SYRACUSE.  Syracm  •  KNl^r  liswaict  BM|.  •  LOS  ANGaES,  2827  1  Sm  St  •  SAN  FRANCISCO.  434  Brara  St 


[  LECTRONICS  — NoTMiAcr  1944  III 

L 


gj 

1^ 

4  '  , 

I 


3  Standard  Fastenings 
for  Prodnction  EfHcienqf 


1  Phillips  Rscsssed  Head 
Screws— The  modem,  ef> 
fectiTe,  time-ssTing  fastening 
device  proven  in  tens  of  thou¬ 
sands  of  assembly  lines.  Other 
standard  head  styles  are  also 
available. 

2  Self-Tapping  Machine 
Screws  —  Eliminate  sep¬ 
arate  tapping  operations  for 
fastenings  to  castings,  heavy 
gauge  sheet  metal,  and  plas¬ 
tics.  Also  available  with 
Phillips  Recessed  Head. 


3  Washer-Screw  Assem¬ 
blies — When  use  of  lock 
washers  is  indicated,  the  time¬ 
saving  of  pre- assemblies  is 
obvious.  Also  available  in 
standard  slotted  head  styles. 


AVOID  UNNECESSARY  ASSEMBLY 
DELAYS  BY  PLANNING 
YOUR  FASTENINGS  NOW 


*'Cold- forging**— proof  #25 
...more  each  month 

Forelhoughl,  when  your  product  is  still  in  the  design 
stage,  can  mean  timely  delivery  of  fastenings  for  that 
"long  planned"  fast  assembly  job.  Your  early  and 
precise  choice  of  fastenings — standard  or  special — 
may  be  vital  to  the  fast  and  exacting  assembly  job 
required  for  an  advantageous  start  on  postwar  pro¬ 
duction. 

That's  where’Scovill  comes  in  . . .  our  broad  experi¬ 
ence  in  fastenings  and  ingenuity  in  special  design 
qualify  us  as  specialists  in  the  fastenings  field.  Let  us 
help  you  determine  the  best  modern  fastenings  to  use 
— a  featured  standard  fastening  or  a  part  especially 
designed  to  suit  your  needs. 

The  part  shown  above  is  one  of  Scovill's  many  spe¬ 
cial  purpose  cold-forged  items.  Our  special  processing 
of  this  part  meant  substantial  savings  in  money — ma¬ 
terials — motions.  Call  our  Fastenings  Expert  for  as¬ 
sistance  so  that  you  likewise  may  profit.  Call  him  now. 


ScoviLL  Manufacturing  Company 

SCREW 

Cl 

% 

TEL.  Waterbury  3-3151 


Waterville  products  Division 


WATERVILLE  48.  CONN. 


ometer  type  pickups  can  be  placed  at 
many  places  about  the  plane  and  I 
two  of  these  can  be  operated  simul¬ 
taneously.  A  selector  switch  per¬ 
mits  many  points  to  be  studied  io 
the  same  flight.  The  recorder  cun 
tains  its  own  batteries,  amplifier, 
electronic  switch,  and  cathode-ra; 
tube  as  well  as  a  camera  to  photo¬ 
graph  the  oscillograph  record. 

For  exhaustive  flutter  study, 
equipment  weighing  between  300 
and  500  pounds  previously  has  been 
used.  Installation  and  tests  by  this 
method  required  about  two  weeks. 
Frequently,  after  the  equipment 


STILL  LEADING  THE  FIELD 


HARDWICK, 

HINDLE 

@ 


Paa«l  Ttew  oi  the  portable  fUght  re¬ 
corder  and  a  typical  photogrcqph  of  the 
vibration  encountered  by  pickupi  lo¬ 
cated  at  two  positions  oi  stress  in  the 
plane 


was  removed,  additional  informa¬ 
tion  was  needed  during  analysis  of 
the  observations,  and  the  new  re¬ 
corder  is  ideal  for  such  re-examina¬ 
tion.  Light  enough  to  be  held  on 
the  lap  of  the  observer,  it  can  be 
installed  and  put  into  use  in  a  few 
hours.  The  machine  is  also  useful 
in  studying  vibration  in  motor 
mounts,  cowling  and  small  acces¬ 
sories,  where  its  ease  of  installa¬ 
tion  as  a  special-purpose  instrument 
is  important. 

Present  knowledge  of  flutter  has 
been  built  up  over  years,  and  has 
been  gathered  from  experiments  on 
the  ground  and  in  flight.  Vibrating 
machines  are  still  used  to  simulate 
flight  conditions  on  the  ground.  In 
a  few  cases,  radio-controlled  planes 
have  been  used  with  recordings 
transmitted  to  the  ground  during 
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HARDWICK,  HINDLE,  INC. 

RHEOSTATS  and  RESISTORS 

DIVISION  OF 

THE  NATIONAL  LOCK  WASHER  CO. 

ESTABLISHED  1IS6 

Newark  5,  N.  J.,  U.  S.  A. 


Our  Blue  Ribbon  Resistors  were  unique  in  their  entirely 
new  design  and  their  advanced  engineering  when  we  intro¬ 
duced  them  in  1939. 


They  still  lead  the  field  as  the  most  efficient:— their  compact¬ 
ness,  their  toughness,  and  their  remarkable  performance 
offer  you  more  than  just  higher  wattage  ratings  for  unit 
space  required. 

—And  in  our  other  types  of  resistors  and  rheostats  we  also 
offer  you  important  exclusive  advantages. 


STROMBERG-CARLSON’S  WARTIME  ADVERTISING- 
AND  STRDMBERG-CARLSON’S  POSTWAR  RADIOS! 


Stromberg-Carlton,  Rochester  3,  New  York 

Radio*,  Tolovision,  Tolophono*,  and  Sound  Bquipmont 


What  wartime  radio  advertising  can  show  such  a  record  of  dealer  approval  — 
and  of  public  readership— as  the  current  Stromberg-Carlson  pages  in  the 
national  magazines?  fVone— the  Daniel  Starch  advertising  check-ups  have 
proved  that,  plenty! 

And  the  postwar  Stromberg-Carlson  FM  and  AM  radios,  radio-phonographs, 
and  television  sets  will  be  equally  far  out  in  front.  Tailor-made  to  the  postwar 
market— as  established  by  our  recent  5,000-radio  home  market  survey— they 
will  give  the  public  exactly  what  it’s  looking  for. 

This  5,000-radio  home  survey  brings  home  clear  as  a  bell  the  buyers  tre¬ 
mendous  insistence  on  top  quality  in  radio  equipment.  They  expect  and  will 
seek  out  the  very  best..,artd  back  up  their  insistence  with  plenty  of  cold  cash. 

The  distribution  of  your  radio  sales  promises  some  important  changes,  too. 
Changes  in  the  ratios  between  radios  and  radio  phonographs,  between  consoles 
and  table  models.  Changes  and  improvements  which  people  want,  and  which 
will  be  reflected  in  all  postwar  Stromberg-Carlson  equipment ...  a  pretty  pleas¬ 
ant  prospect  for  every  Stromberg-Carlson  dealer! 


> 

'  -  dfei'  r-f-v,,'- 
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HERE’S  THE 


SET-UP  IN  21  SECONDS  READING  TIME! 


POSTWAR 


IWe  will  have — soon  after  Victory— a  fine  line 
of  Stromberg-Carlson  FM  and  AM  radios, 
phonograph  combinations,  and  television  re¬ 
ceivers  in  a  wide  range  of  prices. 
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We  will  have  a  policy  of  distribution 
planned  to  give  every  Authorized 
Dealer  a  good  profit  opportunity  on 
the  Stromberg-Carlson  line. 


And  the  Stromberg-Carlson 
name  will  be  even  more  wide¬ 
ly  and  more  favorably  known 
than  ever  before. 


f  Mmr  > 

Available 

For  Prompt 
^Deliver  i|> 
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LINGO 

VERTICAL  TUBULAR 
STEEL  RADIATORS 


an  lOw  bick  ii  produtioi  aid 
caa  be  sappliad  prtiptly, 
sabject  to  txistiai  ratalatioas. 


Now,  after  two  years  of  producing 
thousands  of  tubular  towers  for 
the  Armed  Forces.  Lingo  is  again 
ready  to  serve  the  Broadcasting 
Industry.  From  the  earliest  days 
of  ''wireless’'  to  the  threshold  of  a 
new  era  in  broadcasting,  Lingo 
has  been  constructing  and  erect¬ 
ing  vertical  structures  that  have 
been  setting  outstanding  effi¬ 
ciency  and  performance  records. 
Vertical  tubular  radiators  are 
available  in  standardized  heights 
from  100  to  500  feet.  Lingo  also 
produces  tubular  steel  supporting 
poles  for  the  accommodation  of 
FM,  Television  and  other  UHF 
antennas. 

Our  staff  unit  be  pleased  to  pro¬ 
vide  you  with  the  complete  story 
as  it  applies  in  your  ovtm  case. 
In  writing,  please  give  location, 
power,  frequency  of  station,  and 
indicate  radiator  height  desired. 


im 


flight,  and  test  pilots  have  flown  j 
planes  equipped  with  record<ri 
which  transmit  their  •  reports  by 
radio  to  the  ground.  For  all  of 
these  methods,  the  new  recorder  is 
a  valuable  auxiliary. 

Development  of  the  new  recorder 
was  made  by  the  GAA  in  coopera¬ 
tion  with  Brown  Instrument  Com¬ 
pany. 

•  •  • 


10,000*kw  Electronic 
Converters  in  Steel  Plant 


j  An  electronic  power  converter  de- 
i  signed  to  exchange  power,  revers- 
I  ibly,  between  25-cycle,  44-kv  and 
60-cycle,  69-kv  systems  has  been  in¬ 
stalled  as  two  complete  10,000-kw 
I  units  at  a  plant  of  Carnegie-Illi- 
!  nois  Steel  Co.  The  arrangement  per- 
;  mits  operation  at  125  percent  load 
for  one  hour  and  200  percent  load 
for  one  minute. 

I  Twelve  tubes  form  the  rectifying 
j  element  for  converting  10,000-kv 
a.c.  to  d.c.  and  twelve  additional 
tubes  convert  the  d.c.  back  to  a.c. 
The  direct-current  link  operates  at 
approximately  30,000  volts.  When 
changing  from  rectifier  t#  inverter 
operation  for  reverse  power  flow, 
the  phase  position  of  the  grid  volt¬ 
age  is  shifted  by  a  phase-shift  net¬ 
work  approximately  150  deg. 

In  operation,  the  electronic  con¬ 
verter  is  held  to  a  constant  power 
output  independently  of  relative 
system  frequencies  and  voltages.  It 
contributes  no  current  to  faults  in 
the  supply  system,  little  more  than 
load  current  to  receiving  system 
faults,  while  controls  suppress 
power  flow  to  internal  faults. 
Switching  is  resorted  to  only  for 
persistent  faults.  Reactive  overex¬ 
cited  current  is  supplied  by  syn¬ 
chronous  apparatus  of  both  sys¬ 
tems,  excess  losses  of  which  are 
chargeable  to  the  converter.  Effi¬ 
ciencies  remain  high  throughout  the 
load  range. 


Supprensiov  of  Faults 


As  a  result  of  practical  experi¬ 
ence  with  electronic  converter  sys¬ 
tems  in  the  operation  of  a  direct- 
current  power  transmission,  it  has 
been  learned  that  the  electronic 
converter  is  subject  to  occasional 
faults  such  as  arc  backs  which  ap¬ 
parently  cannot  be  entirely  avoided. 
However,  the  practical  effect  of 
electronic  faults  can  be  suppressed 
so  that  they  do  not  interfere  with 
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M  '6  A 


FLAT  TYPE 
SPEED  NUT 


STARTING 

POSITION 

It 

f 

mamm 

Greater  Speed*  Reduces  Assembly  Time 


Greater  Speed  Cuts  Assembly  Costs 


•  This  ad  is  devoted  to  speed. 
The  word  appears  5  times  in  this 


message  because  we  want  to 


stress  speed  first  and  foremost. 

Why?  Becay^  you  will  need 
better  and  fasterossembly  speed 
In  order  to  win  postwar  markets 
in  big  volume  on  any  product — 
metal,  wood,. or  plastics. 

Designing  beautiful  postwar 
products  is  only  the  beginning. 
The  winners  will  be  those  good  . 


looking  products  that  are  .engi 


neered  for  better  and  faster 


assembly.  We  haye  already  pro¬ 


duced  over  2,000\shapes  and 
sizes  that  have  drastically  out 
assembly  time,  reduced  costs 
and  improved  the  quality  of 
the  finished  product.  Write  for 
literature. 

TINNERMAN  PRODUCTS,  JNC. 

2106  Fulton  toad,  Clovotand  13,  lOhio 
In  Conodoi  WoMace  lornni  Co.,  Udl^aniBton,  Ontario 
In  England]  Shnmonds  Aarocettoriei,  Ltd.  London 


LOCKING  POSITION 


FASTEST  THING  IN 


rademark  Reg. 
Patented  U.  S.  httetit  Office 

FASTENINGS 
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CHICAGO  TRANSFORMER 


DIVISION  Of  ESSEX  WIRE  CORPORATION 

i  ®  I  3501  WEST  ADDISON  STREET  . 
-  CHICAGO,  18 


operation  but  can  be  detected  by 
sensitive  instruments.  The  means 
developed  to  suppress  electron!' 
faults  have  incidentally  introduced 
the  ability  to  suppress  the  effects  of 
lightning  so  that  the  direct-current 
power  transmission  has  a  remarit- 
ably  good  record  for  reliability  dur¬ 
ing  lightning  storms. 

Four  pentode  ignitron  groups  of 
6  tubes  each  make  up  a  converting 
equipment.  The  pentode  tube,  es- 


\t 


A  portion  of  tlio  oloctronle  powor  con- 
▼•rtor  unit  at  Carnnqio-Illinota  Stool 
Corp.  Tho  largo  q^lindoro  oro  pontoda- 
ignitron  inoortor-roctiilor  tuboo.  Grid 
control  oquipment  is  in  tho  background 


pecially  developed  for  rectifier  and 
converter  service,  is  an  ignitron  of 
the  permanently  evacuated,  sealed 
steel  type  having  the  control  char- 
acteristics  of  a  thyratron  tube.  One 
or  more  grids  control  the  starting 
of  current  conduction,  aid  in  deion¬ 
ization  at  the  end  of  conduction,  and 
reduce  the  time  required  to  regain 
control. 


Tube  Data 


4*^ 


Physically,  the  tube  is  of  a 
cylindrical  shape  approximately 
10  in.  in  diameter,  45  in.  in  length, 
and  weighs.  100  pounds.  Two  con¬ 
centric  stainless  steel  cylinders  form 
the  enclosing  envelope.  Water  cir¬ 
culates  in  the  space  betwe'en  the 
cylinders  to  remove  the  losses.  Tube 
losses  are  a  fraction  of  one  percent 
at  the  usual  operating  voltage. 

Development,  design,  operating 
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COMPACT... Console  meosuciSuSS!^  wide,  17''  deep  and  10 72"  high. 

COMPLETE ...  Answers  every  sp^^jnput  need  of  the  smalt  and  medium-sized  broadcast  station. 

~  'V 

ECONOMICAL ...  At  a  price  the^Hfilj^sl  station  can  afford.  1. 


Perhaps  your  station  lacks  the  efficient  service 
of  an  RCA  76-B2  Speech  Input  System.  For 
further  information  on  its  advantages  and 
availability,  please  address  the  Broadcast 
Equipment  Section  of  RCA  at  Camden,  N.  J. 
(Interested  in  reserving  a  postwar  AM,  FM  or 
Television  Transmitter?  The  RCA  Broadcast 
Equipment  Priority  Plan  will  interest  you. 
Write  today  for  details.) 

War  Bonth . . .  Your  B«tt  hvottmta 


25  Yaars  of  ProjrM 
In  Radio;;^ 
and  Bactronio 


more  data  about  the  ignition  sys¬ 
tems  of  high-powered  airplane  en¬ 
gines  than  has  ever  existed  before 
takes  pictures  on  camera  film  in 
much  the  same  manner  as  an  x-ray. 

To  prevent  the  beam  from  regis¬ 
tering  on  the  film  before  the  igni¬ 
tion  study  is  made,  the  unit  incor¬ 
porates  a  beam  trap  that  deflect* 
the  electrons  out  of  the  photo¬ 
graphic  channel.  Periods  as  short 
as  0.00000001  of  a  second  are  pho¬ 
tographed  on  a  stationary  film  strip. 
Slower  speeds,  less  than  0.000008 
second,  are  recorded  on  a  revolving 
drum  that  turns  7,000  times  a  min¬ 
ute.  The  rotating  film  drum  is 
necessary  for  certain  uses  because 
stationary  film  does  not  register  in¬ 
tervals  of  0.02  second. 

Westinghouse  research  engineers 
collaborated  with  warplane  engine 
manufacturers  in  testing  ignition 
systems  with  the  oscillograph  and 
the  results  pointed  the  way  to  bet¬ 
ter  engines  by  making  ignition  im¬ 
provements. 


AMERICAN  MINE 
DETECTOR 
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Cr^dtat  cutd  2^^namic 

:  Es 


PHONOGRAPH  PICKUP  ARMS 
CARTRIDGES  and  RECORDING 
HEADS 


Known  for  efFicIency.  quality  and 
durability.  Available  with  proper 
priority  ratings. 


Now  oporoting  in  Europo.  mis  mlno  do- 
toctor  mad*  by  Intornolkmal  Dotrola 
Corp-  contains  throo  coils  In  the  soorch 
hood.  Two  ol  thoso  aro  connoctod  In 
sorios  opposition  so  thot  dio  comUnod 
mutual  inductonco  to  tho  third  coil  is 
noorly  soro.  Comploto  balonco  Is  pro- 
Tidod  by  tuned  compensator  coils  in  the 
control  box  on  the  handle.  Any  metallic 
moss  in  the  coils*  field  changes  the 
mutual  inductance,  affecting  a  meter 
and  on  earpiece  to  provide  both  audible 
and  visual  indication 


Manufacturing  radio  cable  connectors,  antennas,  and 
special  sound  detection  devices  for  wartime  equipment 


THE 


Corporation 

CO  N  N  CAU  T,  OHIO 

tM  CAMAOA  CANADIAM  ASTATfC  LTtK  TOttONTO,  ONTAI90 


A 


A  Coil  is  more  than  just  a  bundle  of  wire 


ANACONDA  WIRE  &  CABLE  COMPANY 


Anaconda  coil  engineers  have  de¬ 
signed  over  15,000  individual  types  of 
coils  during  their  many  years  of  expe¬ 
rience.  Some  have  weighed  as  little  as 
1/lOOth  of  a  pound;  others  as  much  as 
a  quarter  of  a  ton. 

But  each  coil  began  with  a  blueprint. 
Type,  shape,  size,  winding,  insulation, 
treatment,  cost— every  factor  entering 
into  designing  the  best  coil  for  the  use 
intended  was  pre-determined  by  Ana¬ 
conda  engineers. 

Anaconda  Coils  derive  dependability 
from  still  another  advantage.  The  mag¬ 
net  wire  used  for  winding  them  is  also 
a  product  of  Anaconda  engineering— 
with  quality  carefully  controlled  from 
ore  to  finished  wire. 

It  is  a  highly  effective  combination: 
Coil  producers  who  can  command  the 
complete  experience  of  magnet  wire 
specialists!  Magnet  wire  producers  who 


enjoy  the  close  cooperation  of  coil  ex¬ 
perts! 

And  back  of  each  are  exceptional 
manufacturing  facilities.  Modern  plants 
.  .  .  efficient  equipment  likewise  engi¬ 
neered  .  .  .  experienced,  skilled  per¬ 
sonnel. 

Any  Anaconda  sales  office  will  be 
glad  to  lefer  inquiries  on  coils  or  mag¬ 
net  wire  to  our  engineeering  staff.  442» 


General  Offices:  25  Broadway,  New  York  4 

Chicago  Office:  20  North  Wacker  Drive  6  • 


Subsidiary  of  Anaconda  Copper  Mining  Company 
Sales  Offices  in  Principal  Cities 
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View  of  a  modern  coil  winding  department  at 
one  of  the  Anaconda  plants. 


TUBES  AT  WORK 


X-Rays  Lowsr  Frsqusncy  oi  Quarts  Plots 
A  Prifots  EUctronic  Tslsphons  Systsm. 

Production  Tsstsr  for  Mica . 

Tsstsr  for  Inrosion  Tsl^hone  Wirs - 


X-Rays  Lower  Frequency  of  Quartz  Plate 


provided,  one  for  each  window  of 
the  x-ray  tube. 

Leads  to  the  holder  in  front  of 
the  x-ray  window  may  be  connected 
to  an  oscillator  for  frequency  check¬ 
ing.  Thus  the  degree  of  downward 
drift  of  frequency  can  be  readily 
monitored  and  the  crystal  removed 
from  the  beam  when  the  required 
change  is  accomplished. 

The  x-ray  equipment  for  irradi¬ 
ating  crystals  was  developed  at  the 
request  of  the  U.  S.  Army  Signal 
Corps.  Experiments  msde  by  Dr. 
Prondel  of  Reeves  Sound  Labora¬ 
tories  show  that  the  change  in  fre¬ 
quency  is  permanent  throughout 
and  beyond  any  temperature  range 
that  the  crystal  is  apt  to  experience. 
Factory  applications  of  the  tech¬ 
nique  include:  recovery  of  over¬ 
shot  crystals  that  have  been  car¬ 
ried  too  far  in  finishing;  precise  ad¬ 
justment  of  standard  crystals  for 
use  in  calibration  and  in  testing; 
manufacture  of  precision  crystals 
for  frequency  and  time  standards; 


A  NEW  TECHNIQUE  for  precisely  ad¬ 
justing  the  frequency  of  quartz  os¬ 
cillator  plates  downward  was  dis¬ 
closed  recently  by  the  announcement 
of  x-ray  equipment  designed  for 
this  application. 

Depending  on  the  original  char¬ 
acteristics  of  the  quartz  plate,  fre¬ 
quency  may  be  lowered  in  the  x-ray 
unit  at  a  rate  of  30  to  50  cps  per 
minute.  Plates  in  the  6-8  megacycle 
range  can  be  changed  from  2  to  3 


This  donbU  crystal  haldsr  rototss  to 
carry  tho  quarts  plats  late  the  z-roy 
beam  while  oaodier  plate  is  belaq 
loaded  aboard.  Actiea  of  the  Norelco 
s-ray  unit  lowers  the  frequeaey 

for  a  crystal  which  is  considered 
stable,  precise  adjustment  to  final 
frequency  by  this  method  without 
the  possibility  of  further  aging. 


A  Private  EUectronic 
Telephone  System 

Paul  F.  .MAGSt: 

O'roM  Moadt  Aut*  SeriHor 
BerUn,  Md. 

The  buildings  of  this  company  are 
spread  over  about  a  city  block,  with 
a  main  highway  separating  the  var¬ 
ious  buildings  into  two  groups.  To 


6L66^ 


Coa^lete  eqaipment  for  loweriaq  the 
frequeaey  of  quarts  oeeillatoc  plates  by 
Bubieellag  the  quarts  to  oa  s^oy  beoa. 
The  irradiator  was  developed  by  Moith 
Aaserlcaa  Philips  ia  coopecotioa  wHh 
the  Siqaol  Cerps 


kilocycles  lower  in  frequency.  This 
is  the  saturation  value  of  such  crys¬ 
tals.  Plates  of  higher  frequency 
can  be  changed  over  a  larger  range. 

The  x-ray  equipment,  designed 
by  engineers  of  North  American 
Philips  Co.,  employs  a  new  high-ca¬ 
pacity  water-cooled  tube  that  pro¬ 
duces  an  intense  beam  of  x-rays.  In¬ 
tercepting  this  beam  ia  the  crystal 
holder  shown  in  the  photograph, 
which  accommodates  two  crystals 
from  0.4  to  0.75  in.  in  size.  One  is 
rotated  into  the  path  of  the  x-ray 
beam  while  the  other  is  being 
loaded.  Two  crystal  holders  are 


BuU> 

fus^ 


B 


lOyv  Iw 

1,500  I  v;.500 
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Fig.  1 — Compute  circuit  oi  amplifier  used  in  the  electronic  telephone  lyatem. 
two  relays  are  controlled  by  a  pushbutton  at  each  position 
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wherever  a  tube  is  us 


S^fWs  405  Telephone  Type  IMoy 


GUARDIAN^ELECTRIC 

1625-M  W.  WALNUT  STREET  CHICAGO  12,  ILLINOIS 

A  C«MPllTIHII*«r  III  Hr  S  SIIVIHt  AMIIICAN  W«l  l■••tT*T 


THERE'S  A  JOB  FOR 


it  Th«  "Mask  Door**  mod*  by  Tti«  Stanky  Werict  of  Now  Britain,  Conn.,  utos  o  Oonorol 
Eloctric  control  unit  whkh  oporoto*  outomcrticolly  ot  Iho  opprooch  of  a  podostrkin  or 
vohkio.  In  this  unit  a  boom  of  light  focusod  on  tho  cothodo  of  o  phototubo  cousos  a 
tiny  curront  to  flow.  Enkirgod  through  on  ampIMor  tubo  this  curront  oporotos  o  sonsi* 
tivo  tolophono  typo  of  roloy  such  os  tho  Ouordion  Sorios  405.  Anothor  phototubo  with 
on  auxiliary  rolay,  Guordian  Sorios  R-100,  is  omployod  to  hold  tho  doors  opon  for 
onyofio  standing  within  tho  doorway. 

Tho  tolophono  typo  of  roloy  is  oxtromoly  sonsHivo  ond  ablo  to  oporoto  on  tho  small 
curront  suppliod  through  tho  oloctronic  circuit.  Tho  auxiliory  roloy,  Sorios  R-100,  is 
roquirod  to  handio  a  groator  curront.  It  is  a  small,  officiont  rolay  having  a  contact 
capacity  up  to  1  KW  at  froquoncks  up  to  and  including  28  mogacycks.  Contact  com¬ 
binations  rango  up  to  doublo  pok,  doubk  thraw.  Standard  coils  opotok  on  1 10  volts, 
60  cycks,  and  liraw  opproximatoly  7  V.  A.  Coils  for  othor  voHogos  aro  cwaitabk. 
For  furthor  information  wrik  for  Bulktin  R-6. 

Consult  Guardian  whonover  a  tubo  is  used — fco%vovor — Rolays  by  Guardian  aro  NOT 
limitod  to  tubo  applications  but  aro  usod  whorovor  automatic  control  is  dosirod  for 
making,  breaking,  or  changing  tho  charactoristics  of  electrical  circuits. 


BT  GUARDIAN 


PHOTO-ILKTRK  DOM  CONTIOl 


Akevs  MnM  ■toMufoctered  by 
Oensrol  Beclric  Ce.,  Is  o  pert  sit 
STANliY  "MAOIC  0008“ 
CONTROU. 


Series  R-100  H.  F.  Reky 


W  flffP 

AUTOMATIC  DOOR  CONTROL 

^  /  Dssrt  Ihet  epsrets  esieNielicelly  save  msm-hewrs 

/  'v  where  pknt  Iroffk  is  hesrry,  set  heetiHg  ceste,  rs- 
/  thfce  hreohoos  Ui  restevroirts,  ere  e  ceevsetewce  te 
peciM^  iedei*  sheppers^  Yhe  etestrenls  principle 
/  invefved  Rot  hendrpds  •*  seounercM  and  ie^v: 
iriat  epplfeetions. 


aECTRONICS— November  t944 


167 


c\ectvon\c 

“Op®®  ^ 

sciences.  ^ts  ot  ^®^vices H 

t^bo.dcs»‘'»^co««8‘*‘*  i 
them  efte^  ^di*tor»-  HH 

207”^  ¥*i*n*^  ^  K|9 

G’T'aT^rR^*^**’  NU 

PM  , 


communicate  with  all  departments, 
twenty-one  telephone  stations  are 
used. 

During  the  past  ten  years  a  num¬ 
ber  of  electronic  telephone  systems 
have  been  tried,  but  with  limited 
success,  due  mainly  iu  the  fact,  that 
after  a  system  was  installed  it  was 
too  complicated  for  the  majority  to 
use,  or  was  not  entirely  practical. 
The  system  diagrammed,  however, 
has  proven  satisfactory  for  over 
three  years. 

The  system  is  designed  for  ease 
of  operation.  Pushbuttons  on  each 
handset  permit  calling  over  all 
speakers  at  one  time.  After  the 
initial  call  is  made,  consisting 
usually  of  one  or  two  words,  the 
pushbutton  is  released  and  conver¬ 
sation  is  carried  on  by  means  of 
handsets  located  in  all  the  buildings. 
Feedback  between  speakers  and 
handsets  is  eliminated  by  placing 
the  speakers  at  the  opposite  end  of 
each  building  away  from  the  hand¬ 
sets.  The  amplifier  is  located  on  top 
of  a  large  safe  in  the  office. 

Handsets  were  used  wherever 
possible,  however,  some  of  the 
phones  are  from  a  salvage  lot  and 


One  of  tho  telephone  InstollcrtlonB  In  a 
■lock-room.  Not  shown  in  the  photo,  a 
loudspeaker  Is  used  for  pogtng  em¬ 
ployees  and  then  cut  off  during  the 
phone  conversotlon 


are  the  vertical  type  with  receiver 
hanging  on  a  hook  on  the  side. 
These  are  mounted  by  means  of 
an  L-shaped  piece  of  steel  to  the 
building  wherever  used.  In  the  be¬ 
ginning,  several  of  the  “toy”  type 
phones  were  installed,  but  these 
were  none  too  successful. 


BLAW-KNOX 

VERTICAL 

RADIATORS 


Relay-Controlled  Ampltfier 


A  jack  is  provided  in  the  ampli¬ 
fier  for  “phono”  use  for  keeping  the 


FM  &  TELEVISION  TOWERS 
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Mica  capocitors  play  a  vital  part  in  the  correct 
functioning  of  many  types  of  equipment.  Radio 
receivers,  transmitters,  hearing  aids,  underwater 
sound  equipment,  induction  heating,  and  many 
other  devices  depend  upon  the  faithful  perform¬ 
ance  of  capacitors  to  enable  them  to  function 
properly. 

Many  applications  of  capacitors  in  these  various 
equipments  necessitate  a  wide  range  of  sizes, 
shapes,  volfages,  and  current  carrying  ability  in 
order  that  the  proper  capadtor  may  bq  used,  de¬ 
pending  upon  the  physical  space  limitations  and 
electrical  characteristics  to  be  met. 

As  illustrated,  Sangamo  manufactures  a  large 
variety  of  capacitors  from  the  small  wire  lead 
type  having  a  body  size  of  only  23/32^'  in  length, 
15/32"  in  width,  and  .20"  thick  to  the  large 
ceramic  case  type  capable  of  operating  at  volt¬ 
ages  up  to  35,000  and  handling  large  amounts  of 
radio  frequency  current.  This  wide  variety  of  ca- 
padtors  insures  the  availability  of  the  proper  unit 
for  almost  any  mica  capadtor  requirement. 

SANGAMO  ELECTRIC 
COMPANY 

SPRINGFIELD.  ILLINOIS 


can  learn  from  the  jewel 


how  to  use  a  versatile 
product  in  a  new  way 


amplifier  on  at  all  times.  Two  6-volt 
d-c  relays  are  controlled  by  the 
pushbuttons.  Relay  A  switches  the 
amplifier  into  the  telephone  circuit 
without  the  phono  in  use,  and  relay 
B  applies  the  line  voltage  to  the 
primary  of  the  high-voltage  trans¬ 
former.  A  battery  of  12  volts  was 
necessary  to  operate  the  two  6-volt 
relays  as  they  are  connected  in 
series,  but  they  operate  without 
fail  from  the  pushbutton  switch 
most  distant  from  the  amplifier. 

The  microphone  input  trans 
former  permits  matching  from  a 
50-106-160-200  ohm  source  to  the 
grid  of  the  tube.  The  60-ohm  tap 
is  used,  as  there  are  always  at  least 
two  phones  in  the  circuit  at  one 
time,  and  at  many  times  several. 
There  seems  to  be  no  difference  in 
the  level  of  conversation. 

Use  of  the  primary  winding  of 
the  microphone  transformer  per¬ 
mits  the  phones  to  operate.  Almost 
any  iron-core  choke  would  work  as 


||caE  IS  THE  RESULT  of  fabricating  a  ROGERS  laminated 
11  sheet  material,  which  ia  easily  and  economically  shap^ 
fonned,  drawn,  l^t  and  punched.  The  resultant  product— 
a  jewel  box — ^is  tou^  enough  to  resist  a  mallet  blow  and 
li^t  enough  to  replace  metal  forerer. 

When  you  think  of  the  improvements  in  weicd>t,  economy, 
appearance,  ease  of  assembly,  etc.,  that  your  pr^uct  must 
have  to  meet  its  competition,  you’ll  want  to  profit  by  help 
from  ROGERS,  with  112  years’  experience.  To  see  how 
ROGERS  can  help  you,  ask  for: 

Q  Detauls  of  the  ROGERS  PROCESS  of  wet  laminat* 
ing  ao  that  fibers  stay  interiocked  after  fahrica- 
tkm,  giving  parts  extra  strength. 

□  Data  cm  the  uikiqne  deetrical,  chemical  and 
mechanical  characteristics  of  ROGERS  wet* 
laminated,  cdlnlose  sheet  materisils. 

□  SAMPLES  OF  FABRICATED  PARTS,  some  of 
which  are  diown  at  ri^tt.  Extensive  tool  and  die 
facilities  are  available. 

□  Informatkm  abcrat  the  ROGERS  method  of  pro* 
during,  with  only  25  lbs.  of  materials,  productfcm 
samples  of  brand  new  fibrous  and  pUatic  mate* 
riala — in  48  hcrars.  **You  name  h,  we’ll  make  it.” 

Address  The  Rogers  Paper  Manufacturing  Co., 

107  Mill  Street,  Manchester,  Conn. 
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OliltK  R*S  IHalKIMtnia./'anet,  swucnboara  ana  portaoie  instrumenis  of  praciuxuiy 
)ery  standard  size^  shape,  capacity,  type  and  style  are  included  in  the  R-S  line  of 


>*V€ry  standard  size,  shape,  capacity,  type  and  style  are  included  in  the  R-S  line  of 
electrical  instruments.  Shown  here  are  (upper)  3.5“  Miniature  Panel  Ammeter  conforming 
to  American  War  Standard  C39.  2-1944  and  (lower)  ’'Steel-Six^'  Portable  Ammeter. 


and  don*t  forgmt  .  .  .  BUY  WAR  BONDS 


Sales  Representatives 
In  all  Principal  Cities 


STANDARD  AND  PRECISION  ElECTRICAl  .INSTRUMENTS  •  AIRCRAFT  INSTRUMENTS  •  SWITCHGEAR. 
AIR  AND  OIL  CIRCUIT  BREAKERS  •  ROTARY  SWITCHES  •  RELAYS  •  PRECISION  BALANCES 
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Where  panel  conditions  permit  their  installation  these  4.5"  semi-flush  ,Bakelite  case 
instruments  provide  maximum  readability.  Scale  length  of  d-c  instruments  is  3H 
inches  and  for  a^;  instruments  is  3*^  inches.  All  instruments  except  rectifier  types 
are  accurate  within  1%  of  full  scale  value  at  any  point  on  the  scale.  Rectifier  types, 
approximately  5%. 

Incorporating  the  long  life  and  dependability  developed  during  40  years  of  fine  in¬ 
strument  manufacture,  R-S  4.5"  panel  instruments  have  a  diversified  field  of  appli- 
ration  which  includes:  Radio  Transmitters;  Control  Panels;  Battery  Testers  and 
Chargers;  Electronic  Tube  Testers  and  Analyzers;  Automotive  Analyzers:  Instrument 
Test  Units;  Sound  Movie  Equipment;  Motion  Picture  Control  Panels:  Arc  Welding 
(Equipment;  Experimental  and  Amateur  Radio;  General  Electrical  I.aboratory  Testing; 
(^neral  Communications,  etc. 

Any  practical  range  can  be  supplied  on  short  notice  in  d-c  and  a-c  (Repulsion  iron-vane 
and  Rectifier  type)  models,  with  single  or  multi-range  scales.  Correspondence  is  invited. 


V  . 


Crystal  Clear 


radio  reception  is  a  fundamental  of  the  pnblie*s  expectation 
postwar.  It  is  the  reiy  cornerstone  of  broadcast  reeeiTer 
sales.  Tbere  can  no  longer  be  any  donbt  about  it. 


So  70Ut  as  an  Electronics  Engineery  are  interested  in  a 
postwar  source,  of  Control  Ciystals  that  will  **tame  the  wild 
waves**  ...  that  will  keep  radio  **trafne**  clear  .  .  .  that 
will  give  jour  eirenit  the  precise  definition,  the  rejection 
of  straj  signal,  vdiich  yon  want  it  to  have,  and  which  the 
public  demands. 


We  offer  such  crystals,  out  of  a  wealth  of  experience  in 
the  realm  of  the  near-impossible.  After  what  we  have  been 
doing,  making  what  yon  need,  however  difficult,  will  be  like  a 
normal  production  job  to  our  people.  And  after  the  problems 
they  have  licked,  helping  yon  solve  your  postwar  circuit 
puzzlers  will  be  a  welcome  relief  to  our  staff  of  war-experienced 


Now? 


PAN^ELcctronics  LADoratories,  Inc 
500  Spring  St.,  N.  W.,  Atlanta,  Georgia 


gle-strand  wire  spaced  about  6  to 
10  inches  apart.  Colored  wires  were 
used  for  coding  the  six  wires  needed. 

In  connecting  the  overhead  line 
to  the  underground  line,  a  special 
transformer  was  found  necessary. 
A  transformer  of  tlie  tjrpe  used  to 
match  the  plate  of  a  vacuum  tube 
to  a  500-ohm  line  was  found  suit¬ 
able.  Without  the  transformer,  the 
capacitance  of  the  line  was  0.01  ftf 
and  speech  signals  were  consider¬ 
ably  distorted.  There  seemed  to  be 
no  noticeable  difference  when  the 
line  was  connected  or  disconnected 
after  the  transformer  was  installed. 

Total  length  of  the  lines  has  not 
been  measured,  but  it  is  estimated 
to  be  i  mile.  There  are  no  ground 
connections  to  the  various  line»  any¬ 
where  except  at  the  amplifier  and 
this  is  tied  to  a  lH-inch  water  main. 

Each  station  is  set  up  with  two- 
wire  terminal  blocks.  The  lines  are 
wired  to  one  side  of  the  blocks  and 
the  phones,  pushbuttons  and  speak¬ 
ers  wired  to  the  other  side.  Thie 
facilitates  quick  change  of  unite 
without  disturbing  the  lines.  All 
joints  in  the  lines  were  soldered. 

Since  the  voice  coils  are  connected 
in  series,  each  speaker  is  supplied 
with  a  short-circuiting  switch  for 
testing.  So  far,  none  of  the  voice 
coils  has  failed.  Resistance  may  be 
inserted  in  series  with  the  speaker 
line  to  compensate  for  mismatch 
with  the  output  transformer. 

Additions  to  the  installation  were 
made  gradually  over  a  period  of  two 
years  and  no  improvements  have 
been  made  recently. 


Production  Tester  for  Mica 


The  best  ruby  muscovite  mica  han 
come  from  India,  but  there  are  large 
deposits  of  ruby  and  other  types  of 
muscovite  mica  in  the  United 
States,  South  America,  and  Canada. 
If  these  were  available  for  mica  ca¬ 
pacitors,  not  only  would  the  supply 
be  greatly  increased,  but  the  trans¬ 
portation  difficulties  would  be  les¬ 
sened. 

Because  of  this  situation,  the 
War  Production  Board  appealed  to 
Bell  Laboratories  in  the  fall  of  1942 
to  devise  a  method  of  testing  and 
classifying  mica  that  would  give 
more  positive  results  and  insure 
that  no  good  mica  of  any  type  was 
rejected.  What  was  urgently  needed 
was  a  quick  and  easy  method  of  de¬ 
tecting  conducting  regions,  and  for 
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Modem  transmitters  require  little  maintenance — 
but  when  they  do,  ease  of  maintenance  is  im¬ 
portant. 

In  Westinghouse  Transmitters  all  units  are  easily 
accessible,  both  for  inspection  and  maintenance. 

Complete  protection  to  operators  is  assured 
by  interlocks  on  doors  to  all  compeirtments  in  which 
dangerous  voltages  are  present.  Controls  are  of  the 
dead  front  tyiie,  instruments  at  ground  potential  for 
maximum  safety. 

Indicator  lights  flash  circuit  conditions  to  the 
operator  in  case  of  overload,  meiking  it  easy  to  check 
up  for  the  possible  cause  of  the  interruption. 


• 

We  will  gladly  furnish  complete  inkirmation  on 
these  and  other  advemtages  of  the  HG-5-KW  and 
HG-50-KW  Transmitters,  such  as:  Low  Operating 
Cost,  High  Fidelity  Signals,  Continuity  of 
Operation,  Simplicity  of  ControL 

PLACE  YOUR  ORDER  NOW 
FOR  YOUR  POSTWAR  TRANSMITTER 
By  placing  your  order  today  for  a  Westinghouse 
Transmitter,  you  assure  yourself  of  the  fastest  possible 
dehvery  following  the  lifting  of  wartime  manufactur¬ 
ing  restrictions.  We  are  scheduling  deliveries  in  the 
sequence  in  which  orders  are  received.  For  details, 
write  Westinghouse  Electric  &  Mfg.  Company,  Dept. 
INB,  P.  O.  Box  868,  Pittsbvirgh  30,  Pa. 

J-0M78 


OUSe  RADIO  DIVISION 


riANTS  IN  25  CITIES...  OFFICES  EVEHYWHERE 
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ERCO  RADIO  LABORATORIES 


HEMPSTEAD,  NEW  YORK 

Manufacturers  of  CUSTOM  BUILT  RADIO  APPARATUS 


determining  the  dielectric  loss  un¬ 
der  the  influence  of  the  alternating 
voltages  the  mica  would  encounter 
in  service.  To  meet  these  needs,  th* 
Laboratories  undertook  an  investi¬ 
gation  that  culminated  in  the  de¬ 
sign  of  two  test  sets :  one  to  detect 
conducting  regions,  and  one  to 
measure  the  dielectric  loss  of  raw 
mica  in  “block”  form.  This  term 
applies  to  sheet  mica  ranging  from 
7  to  30  mils  in  thickness.  The  test 
sets  are  described  by  K.  G.  Coultee 
in  the  September,  1944  issue  of  Bell 
Laboratories  Record. 

One  test  set  determines  loss  by 
measuring  the  power  factor  of  ths 
current  flowing  through  the  mica 
when  high-frequency  voltage  is  ap¬ 
plied  across  it  Since  ordinary 
methods  of  measuring  power  factor 


ERCO  scores  again  with  this  highly  effi¬ 
cient  instrument  for  the  resonance  indica¬ 
tion  method  of  measurement  in  the  ultra- 
high  frequency  range  of  85  to  600  MC. 


Mica 


Fig.  1 — Simpliiied  circuit  illustrating  th* 
prindpl*  of  oporotion  of  tho  lostor  foi 
moosuring  tho  dloloctric  loM  of  nrw 
mica 


IMMEDIATE  DELIVERY  ON  PROPER  PRIORITY 

This  dependable,  sensitive  indicator  meets  the  need  for  providing 
a  convenient  and  accurate  means  of  determining  resonance  in  oscil¬ 
lators  and  transmitters: 

STANDARD  WAVE  RATIOS  TANK  CIRCUITS 

TRANSMISSION  LINES  COUPLING  DEVICES 

ANTENNA  SYSTEMS  MODULATION  INDICATION 

Ruggedly  constructed,  it  is  ideal  for  resonance  measurement  of 
transmitting  equipment  in  the  field  and  laboratory,  such  as: 

ABSOLUTE  ALTIMETERS  '  AIRPORT  TRAFFIC  CONTROL 
BLIND  LANDING  MARKERS  WEATHER  TELETYPE 

GLIDE  PATH  MARKERS  BROADCAST  RELAY  CIRCUITS 

Because  it  is  a  rectifier  type  vacuum  tube  voltmeter,  it  is  not  subject 
to  damage  by  severe  over-loads. 

The  MW-60  is  the  result  of  ERCO’S  specialized  engineering 
knowledge  and  manufacture  of  custom  radio  communicadon 
equipment. 

ERCO  ENGINEERING  has  perfected  the  MW-70,  now  in  produc- 
don.  This  new  instrument  has  a  frequency  coverage  of  500  to 
1500  MC. 


are  too  slow  for  a  commercial  test 
of  this  type,  a  circuit  was  designed 
that  gave  a  suitable  measure  of 
loss  as  a  single  reading  of  a  volt¬ 
meter.  The  principle  of  the  circuit 
employed  is  illustrated  in  Fig.  1. 

A  high-frequency  oscillator  is 
coupled  to  a  circuit  consisting  of  an 
inductance  L,  an  adjustable  capaci¬ 
tor  and  a  fixed  air  capacitor  C. 
of  negligible  loss.  The  mica  sheet 
to  be  tested  is  placed  in  series  with 
the  air  capacitor  C..  A  voltmeter 
across  the  circuit  measures  the  volt¬ 
age  both  before  and  after  the  mica 
is  in  place.  Prior  to  a  series  of 
tests,  and  before  any  mica  has  been 
inserted  in  series  with  C.,  the  cir¬ 
cuit  is  tuned  to  the  applied  fre¬ 
quency,  and  the  input  is  adjusted  to 
give  full  scale  reading  on  the  volt¬ 
meter. 

Operation 

When  a  sample  of  block  mica  ia 
now  inserted  in  series  w’ith  C.,  it 
detunes  the  circuit,  which  is  re- 
tuned  to  resonance  by  adjusting  C. 
until  a  maximum  reading  is  ob¬ 
tained  on  the  voltmeter.  If  there 
were  no  loss  in  the  mica,  that  is,  if 
the  power  factor  were  0,  the  meter 


UTERATURi  ON  REQUEST 
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X-Ray  O.K. -your  Final  assurance 
of  a  perfect  tube  from  Federal. 

Every  Federal  water  cooled  tube  must 
pass  this  pre-shipment  test. 

It  is  only  one  of  the  '"Multiple  Tests" 

Federal  makes  to  bring  you  the  ultimate 
in  vacuum  tubes.  Every  known  test  of 
mechanical  and  electronic  perfection  is  a 
Federal  "must"  .  .  .  tubes  are  tested. for 
high-voltage  overload .  .  .  shelf  life  is  given 
to  prevent  shipment  of  tubes  with  glass  strains 
or  slow  leaks  . . .  and  a  final,  all-inclusive,  op¬ 
eration  test  leaves  nothing  to  conjecture. 

* 

*federal's  "Multiple  Testing"  adds  up  to  longer 
tube  life . . .  uniform  electrical  characteristics . . . 
^and  lower  cost  of  operation.  Radio  men  acknowl- 
^edge  that  "Federal  always  has  made  BETTER  Tubes." 


Hiitiiit  Ktin^rs  and  Jn.ntrunfenF' 
I  antitng  Sytit'ms  manufac- 
iiiri'ii  h%  f  i'dt'ral  mark  the 
ffritn'ifxit  air  rvutea  tif  the 
nation  and  l  onlrol  the  land¬ 
ing  at  ! oadinf  airports. 

1‘tont-t'T*  in  the  develop- 
rnent  of'  Aerial  ’SavifCation 
hfiiipmi'nt.  Fftleral  han 
rnaile  fpeelaeular  contri- 
Itntiona  to  aviation  prog- 


Federal  Telephone  and  Radie^orporation 


Newark  1,  N  J. 


reading  would  be  at  full  acale  u 
before.  Any  losa  in  the  mica  ap¬ 
pears  as  a  series  resistance  and  le«i 
current  flows  causing  the  voltmet* 
to  indicate  less  than  full  scale. 

The  circuit  actually  employed  is 
shown  in  Fig.  2.  Tube  Vi  is  in  thi 
oscillator  circuit,  which  is  adjusted 
to  a  frequency  of  one  megacycle  and 
proper  output  power  by  adjusting 
Cl  and  P,.  Tube  V,  forms  part  of » 
vacuum-tube  voltmeter.  Its  read- 
-ing,  taken  on  meter  M,  is  used  for 
classifying  the  mica  in  terms  of 
power  factor. 

On  the  panel  of  the  tester  is  a 
knob  used  for  raising  and  lowering 
C.  so  that  a  sheet  of  mica  can  be  in¬ 
serted  between  it  and  the  lower  elec¬ 
trode.  This  dial  is  also  arranged  to 


indicate  the  thickness  of  the  sample 
of  mica  under  test.  For  each  test, 
the  sheet  of  mica  is  placed  between 
C.  and  the  lower  electrode,  and  the 
sheet  of  mica  is  placed  between  C. 
and  the  lower  electrode,  and  the 
knob  is  turned  to  clamp  it  in  place. 
Capacitor  C,  is  then  adjusted  to  give 
a,  maximum  reading  on  the  meter. 

It  was  found  possible  to  correlate 
the  results  obtained  from  the  tests 
with  the  power  factor  indication  of 
the  test  set.  As  a  result  of  the  cor¬ 
relation,  three  ranges  of  power  fac¬ 
tor  were  established,  each  lying  be¬ 
tween  certain  pointer  readings  on 
the  test  set.  These  ranges  appear  as 
diagonal  lines  on  the  scale  of  the 
meter.  The  reading  of  the  test  set 
also  varies  with  the  thickness  of  the 
mica  as  shown  by  the  clamping  dial, 
and  the  scale  of  the  meter  is  ar^ 
ranged  to  permit  this  factor  to  be 
taken  into  consideration.  With  the 
unit,  it  is  possible  to  test  as  many 
as  fifteen  samples  of  block  mica  per 
minute,  while  with  the  more  con¬ 
ventional  methods  at  least  flfteer 
minutes  would  be  required  for  each 
test. 

To  discover  conducting  regions  in 
stained  mica  prior  to  the  power  fac 
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Send^U  NOW! 

CONCORD  RADIO  CORPORATION’S 


16-page  supplement! 


HARD-TO-GH  RADIO  PARTS 

Lisfiag  fcvadrads  of  diiforoaf 
and  kord-fo'/ocofo  compo- 
nants,  including 


■  Rcfistors 

■  C»aa*aMrs 

■  SwHehM 

■  Sp««k*rs 

■  Wire 


■  Voliin*  Ceiitr*l» 

■  Rheostats 

■  Tost  Aceosserios 

■  Troosteniiors 
a  Rolayf 


Hero's  a  roof  bonanza  of  radio  parts.  Alt 
items  listed  have  been  designated  by 
Concord  customers  as  "urgently  needed.” 
All  are  from  well-known  manufacturers. 
Ail  are  priced  right.  toMOOibor.  how- 
ouor,  that  thoy'ff  go  tast— rosh  yoor 
roqoost  tor  this  Spoefof  Soppfooioat 
laoiocllatolyl 


Oaly  tho  aamo  has  boon  changed!  Just  another  reminder  that  the 


ror  more  man  zz  years,  me  uorayerre  naaio  uorporation  nas  been 
one  of  the  great  arsenob  of  the  nation  for  radio  and  electronic  equip¬ 
ment.  Although  we  ore  now  known  as  the  Concord  Radio  Corporation, 
we  assure  you  thot  ooly  tho  oaoio  hos  hooo  ehaogod.  Both  in  Chi¬ 
cago  and  Atlanta,  vou  will  find  tho  soiao  porsoooof,  tho  saoio  high 
goalftlos  ot  oiorchaodfso.  tho  saoM  low  pricos,  amd  tho  sooio 
flimkim,  spoody  sonricos  as  horototoro.  You  may  shop  by  moil  or  ^ 
vbit  us  personally  .  .  .  fully  confident  of  guaranteed  satis- 
faction.  Be  sure  that  ^ 

your  name  is  on  our 

moiling  list  for  postwar  ^ 

catologs,  and  literature.^^^^^^^^V^jAOlS  *  .  godl*  ^ 

You  won't  want  to  -  it 

^e  unusual  develop- \  •*  '*  ^>atl** 

ments  in  radio  and  elec-  \s*t^V«^  *  n\0  • 

Ironies  which  the  Con-  \ - ...• 
cord  Radio  Corporation  \  J**'^**  the  *'^nco»^ 

will  introduce  ofter  \s®'  .  . 
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CONCORD  RADIO  CORPORATION 


901  W.  Jackson  Blvd  .  CHICAGO  7,  ILLINOIS  A  26S  Peachtree  St  .  ATLANTA  3,  GEORGIA 
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Planning  post-war  manufacture  of  radio  sets? 


Variable  air  condensers  of  Radio  Condenser 


Co.  —  because  they  provide  such  accurate  and 
distinct  tuning— should  be  included  in  your  sets. 

Today,  our  armed  forces,  using  them,  are 
assured  of  receiving  every 

message  distinctly.  . 


Investigate  Radio  Condenser 
Company's  air  condensers  and  push 

button  tuning  devices  for  your 
post-war  radio. 


RADIO  CONDENSER  CO. 

CAMDiN,  N.  J. 

RADIO  CONDENSER  CO.  LTD.,  TORONTO,  CAN. 


.  .  .  Doing  a  war  job  today 
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ENGINEERING  •  DESIGNING  •  MANUFACTURING 


Fig.  3 — This  apark  coil  Mhip  ahows  cob 
ducting  lagiona  In  mica  whan  a  ahaat 
ot  It  la  placed  on  tba  last  plots  and  Um 
taut  prod  movad  orar  tha  anrfaoa 


tor  test,  a  battery-operated  spark 
coil  was  arranged  as  shown  in  Fig. 
3.  A  sheet  of  mica  is  placed  on  tha 
test  plate  and  the  test  point  ia 
moved  over  its  surface.  Any  defec¬ 
tive  regions  are  indicated  by  spark¬ 
ing  at  or  in  the  vicinity  of  the 
point.  Only  a  few  seconds  are  re 
quired  for  each  test 

By  the  use  of  these  two  test  sets, 
a  large  quantity  of  block  muscovite 
mica,  considered  unusable  for  ca¬ 
pacitors  by  the  previous  methods, 
was  selected  and  used  in  about  40,- 
000  capacitors  by  several  manufac¬ 
turers.  These  capacitors  fully  met 
thorough  performance  and  life  testa 
made  by  the  manufacturers,  and 
proved  the  reliability  of  the'  test  set 
classification.  As  a  result  of  this 
commercial  trial,  an  increase  of 
about  60  percent  in  the  muscovite 
mica  suitable  for  use  in  capacitors 
has  been  realized. 


A  Quick,  One-Man  Test  for  Bonds 

AND  OTHER  LOW- RESISTANCE  CONTAGS 


The  Shallcross  Aero  Gun  Model  Low-Resist- 
etnee  Test  Set  cem  be  used  rapidly  and  efficiently 
by  one  man.  Operation  is  positive  and  simple. 
Without  previous  technical  training,  an  in¬ 
spector  can  do  a  quick,  accurate  job  of  bond 
testing  on  a  "Go,  No-Go"  beisis,  demonstrating 
instantly  whether  an  electrical  bond  or  joint  is 
good  or  bad  by  comparison  with  a  predeter¬ 
mined  standard. 

The  Aero  Gun  Model  is  completely  self- 
contained.  The  exploring  probes  extend  from 
the  muzzle,  the  battery  is  in  the  barrel,  the 
control  equipment  and  indicating  meter  are  on 
the  butt  facing  the  operator,  and  the  ced>le  to 
the  fixed  clamp  is  attached  to  the  pistol  grip. 
OvnraU  Ungth,  12*.  Low-resistance  comparison  tests  can  be  made 
^  by  the  hundred — faster  than  by  any  other 

Price,  $80.  method.  Write  for  Aero  Gun  M(^el  Catalog. 

OTHER  TYPES  FOR  LABORATORY, 

FIELD  OR  PRODUCTION  USE 

ShallcroM  Low-Renistemce  Test  Sets  were  first  t  y 

produced  over  10  years  ago.  Since  then,  hun- 

dredb  of  sets  in  use  on  a  wide  variety  of  jobs  have  I  j 

proved  the  outstanding  advantages  ^  this  method  I 

m  testing. . . .  The  present  Shallcross  line  includes  ^ 

Test  Sets  for  practically  every  field  service,  H 

laboratory,  or  industrial  production  line  r^uire-  BL 

ment.  WriM  for  the  complete  Low-Resistance  V 

Test  Set  Catalog. 


W eight  with  battery, 
only  5.25  pounds. 


Ranges  0.003  and 
0.3  ohms,  or  0.006 
and  0.5  ohms. 


Accuracy  calibrated 
±  3%  at  full  scale. 


Tester  for  Invasion 
Telephone  Wire 

Field  telephone  wire  at  a  U.S. 
Army  invasion  base  in  southern 
England  is  tested  for  breaks  and 
salvaged  for  further  use  by  an  in¬ 
genious  device  designed  by  Staff 
Sergeant  Pasqual  L.  Wamil  of 
Santa  Barbara,  Calif. 

The  tester  consists  of  pipes 
through  which  the  wire  passes 
while  being  wound  onto  spools,  and 
a  control  box  with  a  bell.  -When  a 
break  in  the  insulation  is  encount¬ 
ered,  a  spark  jumps  between  the 
pipe  and  the  wire  and  causes  the 
bell  to  ring.  After  the  original 
model  operated  successfully,  three 
additional  pipes  were  added.  Drop¬ 
out  annunciator  tabs  show  which 
pipe  is  carrying  the  defective  wire. 
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AVEKAGE  COST  PER  PREFERRED  TYPE  TUBE 


vNOVEMBBI  1939  _  JANUARY  1940  NOVEMBU  1940 

v*NOVEAABa  1939  AVaUGE  COST  -  100;  AU  COSTS  BASED  ON  SAA4E  TUBE  TYPES 


rCA’s  Preferred- 
Type  Program  Slashed  Tube  Costs  to 
Manufacturers  More  Than  13%  During  Its 
First  Year  •••  Giving  You  One  Tube  in  Eight 
"On  the  House"  by  Former  Price  Standaids 

The  Preferred-Type  Idea  makes  sense.  And,  it  worksl'^ 

Introduced  by  RCA  In  January,  1940,  the  Preferred- 
Type  Program  aimed  at  concentrating  a  larger  demand 
and  production  on  fewer  tube  tjrpes.  This  would  allow 
greater  manufacturing  efQciency,  because  of  longer  runs, 
and  would  mean  higher-quality,  lower-cost  tubes  for  you. 

Even  before  civilian  radio  manufacturing  was  suspended 
by  war,  the  program  paid  off.  By  November,  1940,  the  aver¬ 
age  cost  to  you  of  tubes  on  the  RCA  preferred  list  was  lower 
by  13%  than  the  average  cost  of  the  same  tubes  in  Novem¬ 
ber,  1939  ...  before  the  program  started. 

Yet  an  the  time  their  cost  was  being  lowered,  the  tubes 
Improved  in  quality  and  performance.  And  the  way  was 
being  cleared  for  simplified  tube  warehousing  and  stocking. 

Since  Pearl  Harbor,  the  value  of  the  "preferred-type” 
idea  has  been  proved  beyond  a  doubt  on  the  world’s  battie- 
fields.  Most  military  electronic  equipment  has  been  designed 
around  an  Army /Navy  Preferred  List  of  Vacuum  Tubes 
.  .  .  and  our  fighting  men  on  every  continent  are  assured 


speedy  replacements  of  high-performance  tubes  as  a  result. 

Will  RCA  continue  the  Preferred-Type  Program  after 
the  war?  You  bet  it  will!  If  you  already  have  specific 
tube  complements  in  mind  for  postwar  and  would  like  to 
know  if  the  tubes  you  need  will  be  on  the  preferred  list, 
let  us  know  what  they  are.  Write  to  Radio  Corporation  of 
America,  Commercial  Engineering  Section,  Dept.  62-12E, 
Harrison,  New  Jersey. 

The  Magic  Brain  of  all  electronic  equipment  is  a  Tube . . . 
and  the  fountain-head  of  modem  Tube  development  is  RCA. 


t  of  Progrots 
1  in  Radio 
I  and  Electronics 


RADIO  CORPORATION  OF  AMERICA 

RCA  VICTOR  DIVISION  •  CAMDEN.  N.  J. 
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THE  ELECTRON  ART 


Technical  Papers  Delivered  at 
National  Electronics  Conference 


Dmioned  to  serve  as  a  national  neers  from  various  methods  of 
forum  on  electronic  developments  measurements, 
and  their  application,  the  National  In  his  opinion,  too  much  atten- 
Electronics  Conference  was  held  at  tion  has  been  paid  in  the  past  to  tiie 
the  Medinah  Club,  Chicago,  early  amplitude  -  frequency  characteris- 
in  October.  To  the  2300  in'  attend-  tics  and  harmonic  distortion  m^- 
ance,  about  60  technical  papers  urements  on  sound  equipment  and 
and  addresses  were  delivered  by  serious  intermodulation  products 
leading  electronic  'engineers.  Be-  resulting  from  so-called  harmonic 
sides  use  in  communications,  the  distortions  have  not  been  adequately 
subjects  discussed  covered  elec-  evaluated  in  determining  the  engi- 
tronic  applications  in  measurement  neering  characteristics  of  such  sys- 
and  control,  high-frequency  heating  terns.  While  moderate  deviations 
of  dielectrics  and  metals,  aviation,  from  a  flat  frequency  response  and 
industrial  uses,  power  generation  small  variations  in  the  level  of  har- 
and  distribution,  industrial  radi-  monies  are  not  considered  by  the 
ography  and  medicine.  non-teehnical  listener  to  represent 

.  The  Ck>nference  was  sponsored  by  distortion,  they  do  represent  unde- 
the  Illinois  Institute  of  Technology,  sirable  attributes  to  the  engineer. 
Northwestern  University,  the  Chi-  It  was  pointed  out  that  within  given 
eago  Section  of  IRE  and  the  Chi-  price  limits,  electro-acoustic  equip- 
cago  Section  of  AIEE,  with  the  co-  ment  can  be  designed  and  built  to 
operation  of  the  Chicago  Technical  give  considerably  better  perform- 
l^ieties.  Council.  Proceedings  of  ance  with  respect  to  subjective 
the  Con^rence  will  be  printed  in  evaluations  than  has  been  usual  in 
booklet  form.  Abstracts  of  some  of  the  past.  To  substantiate  this  point 
the  papers  delivered  at  the  techni-  of  view,  Mr.  Scott  reviewed  various 
cal  meetings  and  forums  fc^ow.  measurement  techniques  and  the  re¬ 

in  a  paper  entitled  “Audible  Au-  suits  which  have  been  achieved  by 
dio  Distortion,”  H.  H.  Scott  of  Gen-  numerous  workers  in  the  field, 
eral  Radio  Co.  pointed  out  that  the  OtoUlator 

non-technical  listener  judges  the 

quality  of  sound  reproduction  sub-  The  use  of  a  double-beat  oscil- 
jectively  and  that  such  listening  lator  for  intermodulation  measure- 
evaluations  do  not  always  agree  ments  was  advocated.  A  block  dia- 
with  the  result  obtained  by  engi-  gram  of  such  an  oscillator  is  shown 


At  til*  Confvranc*.  th*  ip^olMn’  toU* 
wos  flanlMd  by  •nlarg*d  photos  of  (loft) 
Joooph  R.  Rodman,  ehioi  of  N«md  Cooi- 
monicotions,  and  Motor  (Sonorol  H.  C. 
InvUs,  Chlof  Signed  Offleor  of  dto  Army. 
Spooehoo  from  tho  two  offlcom  worn 
recorded  In  Washington  on  a  General 
Electric  magnetic  wire  recorder  and 
ployed  bock  ot  the  banquet 

in  the  illustration;  it  consists  of 
one  fixed  oscillator,  a  variable  oscil¬ 
lator  and  an  adjustable  high-fre¬ 
quency  oscillator.  The  output  from 
these  oscillators  may  be  hetero- 
d3med  in  various  combinations  so 
as  to  provide  a  single  variable  out¬ 
put  frequency,  two  variable  output 
frequencies  having  a  constant  sum 
or  a  constant  difference,  or  two  in- 
depently  variable  output  frequen¬ 
cies.  Mixing  controls  for  adjusting 
the  relative  amplitudes  of  the  two 
output  frequencies,  as  well  as  the 
usual  output  circuits  for  varying 
the  total  output  over  wide  ranges, 
are  useful  adjustments  in  the  meas¬ 
uring  technique.  The  result  of 
measurements  made  with  such  a 
double-beat  oscillator  technique 
were  shown. 

G.  L.  Beers  described  “A  Fre¬ 
quency  Dividing  Locked-In  Oscil¬ 
lator  F-M  Receiver”  in  which  a  con¬ 
tinuously  operating  local  oscillator 
is  frequency  modulated  by  the  re¬ 
ceived  signal.  The  frequency  of  the 
oscillator  is  locked-in  with  the  re¬ 
ceived  signal  at  one-fifth  of  the  in¬ 
termediate  frequency.  With  this 
five-to-one  relationship  between  the 
intermediate  frequency  and  the  os¬ 
cillator  frequency,  an  equivalent  re¬ 
duction  in  the  frequency  variations 
of  the  local  oscillator  is  obtained. 

The  locked-in  oscillator  circuit 
diagram  is  shown  herewith.  The 
tube  generally  used  in  this  circuit 
has  been  an  A-6581,  an  experi- 
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Rleek  diagram  of  a  doublo-boat  oicillator  arrangomont  lor  OMasaromont  oi 
intormodulotioB.  Tho  chart  shows  Oio  Torious  outputs  that  oro  prorided 
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A  NEW  Interpolating  COUNTERDIAL 

200  accurate  settings  with  each  turn  of  the  dial 


The  counterdial  in  an  antenna 
network  application 


Here  is  a  really  extraordinary  new  piece  of  equipment 
-an  Interpolating  Counterdial  which  combines  the  fa¬ 
miliar  drum  counter  with  a  flat  interpolating  disc  scale 
-and  custom  built  features  at  mass  production  prices. 

This  new  Techrad  interpolating  counterdial  offers 
numerous  advantages  which  at  once  will  be  apparent 
to  the  electronic  engineer.  It  gives  an  accurate  log  of 
any  position,  making  it  possible  to  return  exactly  to  a 
previously  established  setting.  When  used 
with  a  roller  coil,  the  Techrad  counter-  TECI 
dial  gives  an  accurate  record  of  the  posi¬ 
tion  of  the  roller  on  the  coil  at  any  time.  A 

The  Techrad  counterdial  is  extremely  M 
simple  mechanically,  having  no  parts  to  ■— 
get  out  of  adjustment.  Movement  is 
transmitted  through  a  simple  gear  mech¬ 


TECHRAD 


anism,  without  the  customary  use  of  worms.  The  in¬ 
terpolating  dial  is  graduated  from  0  to  100  and  each 
‘  graduation  has  two  divisions,  giving  a  total  of  200 
parts  on  the  dial.  One  revolution  of  the  dial  thus  breaks 
significant  counter  figures  into  200  readable  parts. 

The  counter  can  be  supplied  in  two  digit  (00  to  99) 
or  three  digit  (000  to  999)  numbers.  Stock  models 
drive  directly  through  stem  shaft  without  gear  ratio. 

The  numbers  on  the  counter  scale  read 
RAD  horizontally,  making  for  speed  and  ac- 
curacy  in  reading.  This  new'  Techrad 
ilmflK  Interpolating  Counterdial  is  sure  to  find 

valuable  application  in  your  particular 
field.  Write  now  for  complete  informa- 
I  tion  and  price  data.  Master  Engineering 

I  takes  nothing  for  granted. 


Technical  Radio  Company 

Ov«r  ton  ynart  of  continuous  oxporionco 

275  Ninth  Street  •  San  Francisco  3,  California 

Export  Agents:  Frozor  &  Hanson,  301  Cloy  St.,  Son  Froncisco  1 1,  California,  U.  S.  A. 
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<7^  RICHARDSON  COMPANY 


•  I’WOSt  ^AR  K 
TRO»T  OFFICr 


NEMi  BRUNS^MICK  N  I 

M  auil.DlN&  OFTROIT  2 
Cl  EVEl  A»+0  OFFICE 


FOUNDED  !e4e  INDIANAROLir-  I  «NO  LOCKLANO 

MiCMIOAN  NEW  YORK  OFFtCi  f  S  T  STRCf 

:  J26.7  PLYMOUTH  BLDG  CLEVFlAND  tS  OHIO 


mental  converter  tube  which  U  lim 
ilar  to  the  6SA7  but  has  a  higher 
transconductance.  The  oscillator 
tuned  circuit  is  connected  to  the 
plate  of  the  tube  and  the  feedback 
coil  is  connected  to  the  No.  8  grid 
This  grid  is  operated  with  self  biaa 
The  received  signal  is  applied  to  the 
No.  1  grid  of  the  tube  from  a  4300- 
kc  i-f  transformer.  The  No.  1  grid 
is  likewise  operated  with  self  bias. 

Dueriminator 

The  output  of  the  local  oscillator 
is  fed  to.the  discriminator  as  shown 
This  circuit  has  a  pair  of  diodes  con¬ 
nected  with  the  load  resistors  in  op 
position  so  the  discriminator  is  bal¬ 
anced  at  the  center  frequency.  One 
diode  has  a  tuned  circuit  in  series 
with  it  and  the  other  has  a  tuned 
circuit  across  it.  The  audio  fre¬ 
quency  output  of  the  discriminator 
is  fed  through  a  de-emphasis  net¬ 
work  to  the  audio  amplifier. 

The  oscillator  is 


Richprdsen  PlasticioiM 
pul  an  END  to  this 
WHISPERING 


designed  to 


|-FTraos 


They’ve  taken,  the  mystery  out  of  forming  Laminated 
INSUROK  plastic  sheets!  For  actually  it  is  a  simple  process  . . .  one 
you  can  do  yourself  if  you  inow  kcw.  And  here  is  a  small  booklet  that 
puts  you  in  the  know  . . .  the  A  B  C’s  of  how  to  form  laminated  plastic 
sheets  yourself. 

It  is  as  easy  as  this: 

A.  HEAT  the  laminated  sheet  uniformly  slightly  below  the  blistering 
point. 

B.  INSERT  the  hecrted  sheet  in  the  forming  fixture  and  apply  pressure. 

C.  ALLOW  part  to  cool  and  then  remove. 

Result .  .  .  the  shape  is  now  permanent. 

Laminated  INSUROK  plastic  sheets  for  forming  have  varied  uses.  They 
combine  strength  with  lightness  .  .  .  are  resistant  to  sudden  changes 
in  temperature . . .  withstand  the  destructive  actions  of  most  chemicals, 
reagents,  and  solvents. 

Write  today  for  the  booklet  that  tells  all  about  forming  laminated 
plastic  sheets.  ..‘‘HOW  TO  FORM  LAMINATED  INSUROK  SHEETS." 
It’s  FREE  for  the  asking.  Send  for  it  on  your  company  letterhead. 
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At  the  top  of  tho  diagram  is  tbs  oscillator 
which  is  locksd  in  with  ths  rocolTsd  frs- 
qusncy.  Output  of  ths  oscillator  foods  (h 
rsctly  to  tho  discriminator  at  bottom 


lock  in  only  with  frequency  varia¬ 
tions  which  occur  within  the  de¬ 
sired  signal  channel  and  is  there¬ 
fore  prevented  from  following  the 
frequency  variations  of  a  signal  on 
an  adjacent  channel.  A  substantial 
improvement  in  selectivity  is  thus 
obtained.  The  voltage  required  to 
lock  in  the  oscillator  with  a  weak 
signal  is  approximately  l/20th  of 
the  voltage  applied  to  the  discrim¬ 
inator.  Since  this  voltage  gain  i> 
obtained  with  a  different  and  lower 
frequency  than  the  intermediate 
frequency,  the  stability  of  the  re- 


You  may  prefer  to  have  the  forming  done  for  you.  If  so,  the  working 
knowledge  and  years  of  practical  experience  of  Richardson  Plastidans 
are  at  your  disposal. 
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simpler  to  handle — doesn’t  require  fiissy 
adjustments  . . .  and,  in  fact,  is  the 
smoothest  cutting  disc  they’ve  ever  used! 


Here  comes  aluminum  . . .  rolling  out  to  meet 
the  highest  record  demand  in  its  history  . . . 
and  back  to  do  a  bigger  and  better  job  in 
PRESTO  RECORDING  DISCS! 


Order  PRESTO  ALUMINUM  DISCS  from 
your  regular  electronics  distributor.  May  we 
suggest  that  you  split  your  order — 

50%  aluminum  and  50%  glass  base  for  the 
time  being,  so  that  we  can  fairly  distribute 
PRESTO  ALUMINUM  DISCS  over  the 
first  big  demand  ? 


PRESTO  ALUMINUM  RECORDING  DISCS 
are  now  available  in  all  sizes  from  6*A  inch 
to  17V4  inch.  That’s  good  news  for  broad¬ 
casting  stations,  recording  studios  and 
schools  all  over  the  nation  . . .  who  know 
through  valued  experience  that  PRESTO  is 


PRESTO  RECORDING  CORPORATION 

242  West, 55th  Street  New  York  19,  N.  Y.,  U.  S.  A. 


WalHr  P.  Downs  Ltd.,  in  Canada 
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ceiver  from  the  standpoint  of 
overall  feedback  is  materially  Im¬ 
proved.  Not  only  is  adjacent-chan¬ 
nel  selectivity  increased  but  reduc¬ 
tion  in  noise  is  also  obtained. 

Advantage* 

Theoretical  and  experimental  In¬ 
vestigations  indicate  that  the  sys¬ 
tem  has  the  following  advantages: 

(1)  By  restricting  the  locked-in 
range  of  the  oscillator  to  follow  only 
the  frequency  variations  which  oc¬ 
cur  within  the  desired  signal  chan¬ 
nel,  a  material  improvement  in 
lectivity  is  obtained. 

(2)  An  equivalent  voltage  stepup 
is  secured  at  a  different  and  lower 
frequency  than  the  intermediate 
frequency  and  a  corresponding  im¬ 
provement  in  freedom  from  overall 
feedback  is  secured. 

(3)  The  constant  voltage  is  ap¬ 
plied  to  the  discriminator  irrespec¬ 
tive  of  the  strength  of  a  received 
signal,  and  arrangement  for  mini¬ 
mizing  amplitude  variations  in  a 
received  signal  are  therefore  not 
required. 

(4)  The  system  provides  a  means 
for  incorporating  in  a  f-m  receiver 
a  tsrpe  of  selectivity  which  can  be 
used  to  discriminate  between  the 
desired  signal  modulation  and  fre¬ 
quency  modulation  noise  compon¬ 
ent. 

The  following  characteristics 
should  also  be  considered  in  evalu¬ 
ating  the  system:  (1)  Adequate  re¬ 
ceiver  gain  ahead  of  the  locked-in 
oscillator  must  be  provided  if  dis¬ 
tortion  of  the  weaker  signals  (due 
to  oscillator  falling  out  of  step) 
is  to  be  prevented.  (2)  When  the 
receiver  is  tuned  to  a  signal,  more 
noticeable  distortion  occurs  at  the 
edges  of  the  receiver  response  char¬ 
acteristic  than  is  obtained  with  the 
corresponding  conventional  re¬ 
ceiver. 

A  paper  by  Dr.  Leon  Brillouin  of 
Columbia  University  and  the  Fed¬ 
eral  Telegraph  Radio  Laboratories 
of  New  York  emphasized  the  im¬ 
portance  of  a  well-known  theorem 
originally  due  to  Larmor.  This 
theorem  permits  a  definition  of  “mo¬ 
mentum”  and  “moment  of  momen¬ 
tum”  for  electrons  in  the  magnetic 
field.  As  typical  examples  of  appli¬ 
cation  two  special  cases  were  dis¬ 
cussed:  (1)  a  plane  electron  beam; 
(2)  a  cylindrical  electron  beam  with 
longitudinal  magnetic  fields.  la 
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Cross-Mctien  illusironng  how  contact  pin  It 
inoppod  into  plocn  oftor  toidoring  on  lood  wirot. 


Sockot  conttruction  feolvrts  tpring-^oodod  con* 
tact  for  pofitivo  oloctrical  connoction  with  pin. 


Both  pin  and  tockot  footaro  ipring  tnop  for  ooto 
of  otMinbly  in  housing  insulotort  oftar  toidoring. 
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,0  There  are  more  than  25  precision-made  parts  in  the 
average  Multiple  Circuit  Electrical  Connector.  When  as¬ 
sembled,  they  perform  their  function — that  of  making  or 
breaking' many  electrical  circuits  simultaneously — ^with  the 
utmost  simplicity  and  efficiency.  Such  simplicity  in  oper¬ 
ation  is  the  end  result  of  years  of  research,  many  refine¬ 
ments  and  great  skill  in  manufacture.  The  Breeze  Multiple 
Circuit  Electrical  Connector  reflects  in  the  efficiency  with 
which  it  docs  its  job,  the  experience  which  went  into  its 
production — the  background  which  has  made  Breeze  a 
leading  producer  of  many  different  types  of  aircraft  and 
electrical  aocessories. 


^  CORPORATIONS.  INC. 

NIWAIK,N.J. 
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both  cases,  it  was  found  that  th« 
space  charge  density  of  the  bean 
is  entirely  controlled  by  the  mag¬ 
netic  field,  and  the  maximum  cur¬ 
rent  is  obtained  for  a  suitable  opti¬ 
mum  magnetic  field. 

’  Space  Charge  and  Magnetic  Field 

Dr.  Brillouin’s  general  conclu¬ 
sion,  as  the  result  of  a  mathematical 
treatment,  is  that  such  problems  aa 
Larmor’s  theorem  introduces  an  ad¬ 
ditional  condition  of  conservation 
for  either  the  momentum  or  the  mo 
ments  of  momentum  which  has  been 
too  often  overlooked.  If  taken  into 
account,  it  shows  that  the  space 
charge  density  is  entirely  condi¬ 
tioned  and  controlled  by  the  mag¬ 
netic  field.  Caution  is  therefore 
urged  not  to  introduce  in  a  discus¬ 
sion  separate  assumptions  about 
space  charge  and  magnetic  field.  It 
It  especially  advised  not  to  speak  of 
the  behavior  of  a  device  under  an 
infinite  or  arbitrarily  large  mag¬ 
netic  field,  since  this  would  also 
mean  infinite  space  charge  density, 
a  very  troublesome  factor. 

‘The  Supersonic  Refiectoscope, 
An  Instrument  for  Inspecting  the 
Interior  of  Metal  Parts  by  means  of 
Sound  Waves”  was  the  title  of  s 
paper  by  Dr.  F.  A.  Firestone,  Uni¬ 
versity  of  Michigan. 

The  supersonic  '  refiectoscope 
sends  into  the  metal  part  to  be  in¬ 
spected  a  short  train  of  supersonic 
sound  waves.  Any  flaws  on  the  in¬ 
terior  give  reflections  back  to  the 
sending  point  before  the  reflection 
is  received  from  the  other  side  of 
the  piece.  Many  feet  of  metal  can 
be  penetrated. 

In  addition  to  the  detection  of 
flaws,  the  thickness  of  a  piece  can  b« 
measured  when  its  opposite  side  is 
inaccessible,  and  discontinuities  of 
bond  of  plated  or  soldered  surfaces 
can  be  detected. 

A  paper  by  Dr.  E.  U.  Condon,  of 
the  Westinghouse  Research  Labor¬ 
atories,  gave  an  elementary  discus¬ 
sion  of  the  way  in  which  the  behav¬ 
ior  of  class  C  oscillators,  intended 
for  use  at  microwave  frequencies, 
is  limited  by  the  speed  of  electron 
motions.  The  paper,  entitled  ‘‘Mi¬ 
crowave  Oscillation  Generators  Us¬ 
ing  Velocity  Modulated  Electron 
Beams,”  presented  the  main  results 
of  the  elementary  theory  of  three 
kinds  of  velocity-modulated  tubes, 
namely,  the  monotron,  the  Klystron, 
and  the  reflex  Klystron.  The  mono- 


r  With -the  demcmd  for  tiibes  at  an  all  time 
peak  the  electronic  industry  is  carrying  the 
ball  and  out  for  a  touchdown  in  production 
records.  Manufacturers  ore  coimting  heavily 
on  the  efficient  performance  and  unfailing 
service  of  Kinney  Vacuum  Pumps  to  save 
production  time  and  decrease  percentage  of 
rejections,  in  the  manufacture  of  electronic 
h^s,  lamps  and  other  electronic  products. 
A  vital  factor  to-day,  where  the  vacutim 
pump  is  working  on  a  new  lamp  or 
tube  every  few  seconds,  is  the  exceptional 
vacuum  and  rapid  recovery  speed  of  the 
Kinney  Vacuum  Pump. 

Astore  shipment,  every  Kiimey  Compound  Dry  Vacuum 
Pump  must  pass  on  acceptance  test  showing  a  reading  of 
0.2  microns  (.0002  mm)  or  better  on  the  McLeod  Gauge  and  is 
suited  to  working  conditions  down  to  0.5  microns. 

WRITE  FOR  BULLETIN  IB 


Kiniwy  Compound  Dry  Vacuum  Pump 

KINNEY  MANUFACTURING  CO. 

3565  Washiigtoa  St,,  Boston  30.  Moss. 
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Fabrication  of  lightweight  aluminum  corea  for 
many  types  of  heat  exchangers — aircraft  radi¬ 
ators,  oil  coolers,  heaters — is  accomplished  by 
brazing.  .'Vluminum  alloys  contribute  strength 
and  light  weight,  superior  heat  conductivity 
and  resistance  tocorrosion.  The  brazing  process 
provides  speed  and  uniformity  of  production. 

In  the  tubular-core  section  pictured  above, 
thin-walled  aluminum  tubing  and  Alcoa 
sheet,  perforated  to  receive  the  tubes,  are 
assembled  in  a  fixture  which  holds  all  parts 
firmly  in  place.  Furnace-brazing  is  then  em¬ 


ployed  to  join  them  into  a  rigid,  pressnre- 
tight  unit.  Other  fabricators  may  employ 
flux-bath  brazing,  hand  welding  and  brazing, 
or  combinations  of  all  methods. 

How  the  molten  brazing  alloy  flows  at  the 
line  of  contact,  forming  a  fillet  which  bonds 
all  parts  securely  together,  is  seen  in  the 
above  photomicrograph. 

Alcoa  will  assist  you  in  adapting  the  brazing 
process  to  your  products,  advising  on  initial 
and  final  cleaning  methods,  fluxes  and  brazing 
temperatures.  For  this  help,  write  Aluminum 
Company  of  America.  2136  Gulf  Building. 
Pittsburgh  I*),  Pennsylvania. 
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PEACE-TIME 

PRODUCIS 


^Jnder  the  imperative  demands 
of  war,  the  processes  and  products  of 
Industry  advance  far  more  swiftly  than 
in  times  of  peace* 

For  example,  Chace  research  and  en¬ 
gineering  efforts  have  produced,  for 
war  use,  new  alloys  for  Thermostatic 
Bimetals  •  •  •  so  quickly  responsive 
that  aircraft  may  soar  from  tempera- 
tures  of  130°F.  above  to  60®  below  in  a 
matter  of  minutes — with  complete  re¬ 
liance  on  their  thermal  controls. 

Because  of  this  increased  sensitivity, 
the  new  alloys  also  permit  the  use  of 
smaller  actuating  elements;  and  there¬ 
fore  smaller  and  lighter  temperature 
responsive  devices,  where  space  or 
weight  limitations  require. 

These  and  other  Chace  developments 
may  be  vitally  important  to  the  effici¬ 
ency  of  your  peace-time  products.  For 
among  its  many  types  of  Thermostatic 
Bimetals,  Chace  has  one  exactly  suited 
to  your  particular  need. 

For  specific  and  confidential  recom¬ 
mendations,  write  us  detailing  your 
problems.  _  _ 


Thermostatic  Bimetals  and  Special  Alloys 
1630  BEARD  AVS  •  DETROIT  9,  MfCH. 


tron  is  a  tube  in  which  a  cavity 
resonator  is  placed  between  the  grid 
and  plate  to  act  as  a  tank  circuit 
and  a  steady  unmodulated  electros 
beam  is  sent  through  the  grid  from 
the  cathode  with  no  attempt  at  any 
kind  of  modulation  of  the  beam  be 
fore  it  arrives  at  the  control  grid. 
In  the  Klystron,  electrons  are  emit¬ 
ted  from  a  thermionic  cathode  and 
are  accelerated  by  means  of  a  cath¬ 
ode  potential  in  a  beam,  through  the 
grid  or  cavity  resonator,  the 
buncher.  After  traversing  these 
grids,  electrons  travel  through  the 
axis  of  the  tube  to  another  cavity 
resonator,  the  catcher. 


Ute  of  Reflex  Klystron 


The  reflex  Klystron  has  been  used 
principally  as  a  low-power  tube  and 
is  especially  useful  as  the  local  os¬ 
cillator  of  a  heterodyne  receiver. 
Electrons  are  accelerated  from  the 
cathode  by  a  voltage  between  the 
cathode  and  a  single  cavity  reson¬ 
ator,  where  they  experience  veloc¬ 
ity  modulation.  They  are  then  re¬ 
pelled  by  a  negative  reflector  volt¬ 
age  and  revert  back  to  the  grid  of 
the  resonant  cavity. 

After  a  mathematical  analysis,  it 
was  shown  that  the  slowness  with 
which  electrons  travel  at  ultra-high 
frequencies  rules  out  the  possibil¬ 
ity  of  making  oscillators  designed  on 
the  principle  of  a  class  C  amplifier 
or  oscillator.  It  is  for  this  reason 
that  oscillators  using  velocity  modu¬ 
lated  beams  have  been  so  thor¬ 
oughly  investigated  within  recent 
years. 

A  paper,  “The  Principles  of  Kly¬ 
stron  Amplifiers,”  by  Dr.  R.  0. 
Haxby  of  Sperry  Gyroscope  Co., 
dealt  with  the  fundamental  prin¬ 
ciples  governing  the  operation  of 
Klystron  amplifiers  rather  than  the 
description  of  any  particular  tube. 
It  was  shown  that  there  are  two 
principal  reasons  for  the  unsatis¬ 
factory  operation  of  amplifiers  at 
very  high  frequencies:  (1)  the 
transit  time  of  electrons  to  pass  the 
control  grid  takes  an  appreciable 
part  of  a  cycle  of  the  high  fre¬ 
quency,  thereby  causing  loading  and 
loss  of  gain;  (2)  the  size  of  the 
electrodes  and  circuit  becomes  com¬ 
parable  to  a  wavelength,  making  it 
difficult  to  design  efldcient  circuits 
and  obtain  radio-frequency  power. 

In  the  Klystron  amplifier,  the 
transit  time  of  electrons  is  used  to 
advantage  rather  than  to  disadvan- 
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The  fastener  range  and  resources 
of  STRONGHOLD  are  as  wide  and 
varied  as  the  requirements  of  industry 
itself — aN  types,  sizes,  metals,  finishes; 
all  supplementary  operations  such  as 
drilling,  multiple  drilling,  chamfering, 
knurling  and  plating. 

for  C-rrent^^^.. 

Issued  periodically,  it  lists  a  wide  range 
of  reserve  stocks  available  for  immediate 
delivery — ^thousands  of  standard  items, 
with  the  quantity  of  each  on  hand  at  the 
date  of  issue.  Mailed  regularly  on 
request. 

It's  Faster  to  Telephone 
Call  WHitehall  4680 
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tage,  with  the  resonant  circuits  de¬ 
signed  as  an  integral  part  of  die 
tube.  The  Klystron  consists  of  an 
electron  emitting  gun.  a  smoother 
grid,  a  pair  of  buncher  grids  in  one 
cavity  resonator,  a  pair  of  catcher 
grids  in  another  ravlty  resonator, 
and  output  and  input  terminals  to 
the  two  cavity  resonators. 


Operation 


In  the  operation  of  this  tube,  s 
small  amount  of  power  is  fed  into 
the  buncher  resonator  through  its 
coupling  loops.  This  power  builds 
an  alternating  voltage  across  the 
buncher  gap.  Assuming  that  the 
electrons  in  the  beam  take  only  a 
very  small  fractional  of  a  cycle  to 
get  through  the  resonator,  they 
either  gain  or  lose  an  amount  of 
energy  equal  to  the  electronic 
charge  times  the  instantaneous  volt¬ 
age  across  the  gap.  Consequently, 
each  electron  is  speeded  up  or 
slowed  down  as  it  passes  through 
the  grid,  by  an  amount  depending 
upon  the  instantaneous  voltage  of 
the  resonator.  This  process  is 
called  “velocity  modulation.** 


Bunching 


A  beam  of  electrons  which  has 
been  velocity  modulated  will  be 
density  modulated  or  “bunched”  at 
some  point  within  the  tube.  This 
bunched  grouping  of  electrons  trav¬ 
els  down  the  tube  until  it  reached 
the  grid  of  the  catcher,  where  the 
electrons  are  slowed  down  in  going 
through  the  catcher  when  the  volt¬ 
age  is  in  a  direction  to  slow  them 
down.  That  is,  the  electron  beam 
has  lost  energy,  on  the  average,  be¬ 
cause  of  interaction  with  the  field 
of  the  resonator.  This  energy  loss  by 
the  beam  must  have  gone  into  the 
catcher  resonator  to  maintain  its 
oscillation  and  supply  power  to  an 
external  load.  Thus  the  catcher 
resonator  extracts  some  energy 
from  the  beam.  Since  there  are  al¬ 
ways  some  electrons  which  are  not 
in  the  bunch,  there  will  always  be 
some  electrons  speeded  up  by  the 
catcher,  so  the  efilciency  of  the  tube 
is  limited  to  a  value  considerably 
less  than  100  percent.  A  mathe¬ 
matical  derivation  of  the  process 
shows  that  it  cannot  exceed  68 
percent. 

Dr.  Haxby  provided  a  mathe¬ 
matical  and  graphical  analysis  of 
the  behavior  of  the  Klystron  ampli¬ 
fier,  noted  some  of  the  factors  which 
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come  in  and  leave 
your  worries 


^  anufacturing  worries,  we  mean.  Worries  about  production 
costs  that  are  too  high  . . .  schedules  that  are  too  tough. 

Users  of  Foote,  Pierson  contract  service  increase  their  out¬ 
put  in  a  way  that’s  sure,  practical.  Like  adding  a  wing  to  a 
plant . . .  like  bringing  a  force  of  skilled  craftsmen  to  a  factory 
in  the  manpower  doldrums  . . .  F-P  assistance  can  give  many 
a  manufacturing  company  just  the  lift  it  needs  to  welcome 
post-war  competition  instead  of  dreading  it. 

Let  us  show  you  as  well  as  tell  you  about  Footer  Pierson 
facilities ....  about  the  trained  personnel  which  makes  a 
machine  shop  more  than  a  collection  of  millers,  lathes,  drills 
and  presses. 

Sound  executive  leadership  gives  proper  direction  to 
every  operation.  At  Foote,  Pierson,  this  starts  with  engineer¬ 
ing  and  planning,  extends  through  metal-forming,  plating 
and  finishing.  It  covers  not  only  assembling,  inspection  and 
packaging  but  also  packing,  storage  and  shipping  by  rail,  air 
and  water. 

Whether  you’re  making  a  new  product  now  or  planning 
to  make  it . . .  whether  you’re  making  a  complete  article  or  a 
component . . .  Foote,  Pierson  can  help  in  manufacture.  It 
costt  nothing  to  get  acquainted. 
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Far  mare  than  10  years 

we  have  been  manufacturing  crystals.  Not  only 
are  we  crystal  manufacturers,  but  crystal 
specialists  as  well.  Consult  us  on  your  “crystal 
problems”. 


Council  Bluffs,  Iowa 
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1.  Amperites  battery 

voltage  fluctuation  from 

humidity. 

.  3.  Compact  .  .  .  light  .  .  . 
and  inexpensive. 

^  Used' by  U.S.  Army.  Navy, 

and  Air  Corps. 

EKV  REtAVS;  For  delays  from  1  to  100  seconds. 
^efica/iy  sealed.  Unaffected  by  altitude. . . .  Send  for  cdtaiogue  sheet. 

I^W!  4-page  folder  will  help  you  solve  Current  and  Voltage  Problems; 
Bntains  much  valuable  data  in  practical  forin  —  Write  Jot  ysmipogy- 


were  not  taken  into  the  mathemat¬ 
ical  theory  and  explained  how  these 
would  modify  the  behavior  of  the 
Klystron  amplifier. 


Cascade  Resonators 


“Since  the  gain  uf  a  Klystron 
amplifier  may  be  increased  by  add¬ 
ing  more  resonators,  a  very  high 
gain  amplifier  may  be  constructed, 
using  a  single  cathode  and  electron 
beano.  An  n-stage  cascade  ampli¬ 
fier  with  n  -f  1  resonators  will  have 
a  gain  which  is  approximately  the 
nth  power  of  the  gain  of  a  single- 
stage  amplifier.  The  last  stage  of  a 
cascade  amplifier  is  used  as  a  power 
amplifier  with  optimum  bunching 
in  the  last  drift  space.  Thus,  a  Kly¬ 
stron  tube  may  serve  as  a  combined 
high-gain  amplifier  and  power  amp¬ 
lifier. 

Amplitude  modulation  may  be 
produced  by  changing  the  magni¬ 
tude  of  the  beam  current,  and 
phase  modulation  is  produced  by 
varying  the  beam  voltage  around 
the  point  of  optimum  bunching. 
Phase  modulation  is  also  accom¬ 
panied  by  a  small  amount  of  ampli¬ 
tude  modulation  unless  special  pre¬ 
cautions  are  taken  to  avoid  the 
latter. 

A  thorough  analysis  of  vacuum- 
tube  frequency-converting  devices 
for  use  at  moderately  high  fre¬ 
quencies  was  given  by  Dr.  Harry 
Stockman,  Cruft  Laboratory,  Har¬ 
vard  University,  in  a  paper,  “U-H-F 
Converters  and  Conversion  Dia¬ 
grams.”  Using  mathematical  as 
well  as  graphical  methods  of  analy¬ 
sis,  Dr.  Stockman  showed  that  s 
broadcast  frequency  converter  func¬ 
tions  as  a  fixed  path-of-operations 
device  or  as  a  changing  path-of- 
operations  device.  As  the  frequency 
is  increased,  the  conventional  chang¬ 
ing  path-of-operations  device  ceases 
to  function  properly,  and  the  action 
of  the  other  tsrpe  of  converter  be¬ 
comes  more  and  more  intricate. 
This  action  usually  cannot  be  ex¬ 
plained  by  a  few  measured  charac¬ 
teristics  and  simple  additional 
mathematical  analysis. 


Present  Design 


Modern  converter  theory  deals 
with  the  transconductance  charac¬ 
teristics  of  the  mixer-oscillator 
combination  rather  than  the  cur¬ 
rent-voltage  characteristics  of  the 
mixing  device.  The  variation  of 
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iliH  otidytioR  at  Rifram*  famparatyrat. 
EssaRfial  for  oparatiag  tamparatyra*  yp 
to  2100*  F.  AIm  mad  for  cold  ratlttaRca. 
Ratish  ekamical  corroaiofl  by  many  madia. 
NoR^magnatie;  (pacHie  ratitfaRca,  650 
ohmt/C.M.F. 

C.  O.  JELLIFF  MFG.  CORF. 

l23n9UOTAVf.  •  SOVTHPOBT.  CONN. 


RESISTANCE 

WIRE 


ALLOY  "C”:  Nominally  eonfalna  60% 
nickal,  15%  ebromiym,  and  balanea  Iren. 
Hiqli  rasManea  to  oiidation  and  eorro- 
•ioR.  Widaly  umd  in  rasittancas  for  radio 
and  alactronict,  indyttrial,  and  domat- 
tic  aqvipmant.  Oparating  tamparatvra 
up  to  1700*  F.  SpacHie  rasistaaca  675 
onmt/C.M.F. 

C.  O.  JELLIFF  MFG.  COIF. 
mnouoTAvi.  •  soutNFoai.  coaM. 


RESISTANCE 
WIRE  , 


ALLOY  "0**:  Nominally  contains  30% 
nickal,  15%  chromium,  and  balanea  iron, 
and  has  a  spacifie  rasistanca  of  600 
ohms/C.M.F.  Pura  Monal  and  nickal  ra- 
listanca  wira  also  obtainabla. 

C.  O.  JELLIFF  MFG.  CORF. 

123  PI9UOT  A¥l.  •  SOUTHPORT.  CONN. 


RESISTANCE 

’WIRE 


ALLOY  "45":  Alloy  of  55%  coppar,  45% 
nickal  with  a  constant  alactrical  rasistanca 
ovar  wida  ranga  of  tamparsturas.  Spacifie 
rasistanca  294  ohms/C.M.F.;  tamparatura 
coaffieiant  0.00002  ohms  par  dagraa  F; 
32  to  212  dagraas  ranga.  Usad  in  wind¬ 
ing  of  pracision  rasistors. 

C.  O.  JELLIFF  MFG.  CORF. 

123  PI9UOT  AVI.  •  SOUTHPORT,  CONN. 


RESISTANCE 

WIRE 


KANTHAL:  Eselusiva  manufacturars  of 
KANTHAL  wira;  although  unavailabla 
for  duration,  wa  will  ba  plaasad  to  supply 
information  for  your  post-war  raquira- 
mants. 

C.  O.  JELLIFF  MFG.  CORF. 

123  PI9UOT  AVI.  •  SOUTHPORT.  CONN. 
Noto.*  An  oNoys  ara  predacarf  In  aipS-lra- 
yaaaey  typm  lanioeas.  ana  ora  torMtaad 
orlfM,  daM.  ar  atialrad  MmhA,  also  w4tk 
isaiasl.  silt,  ar  caNon  lasalaNaa. 


transconductance  from  this  point 
of  view  may  be  written  in  the  form 
of  a  Fourier  analysis  containing  a 
constant  term  and  an  infinite  num¬ 
ber  of  harmonically  varying  terms 
whose  frequency  components  are 
integral  multiples  of  the  oscillator 
frequency.  Accordingly,  a  fre¬ 
quency  converter  may  be  considered 
as  a  device  with  periodically  vary¬ 
ing  transadmittance  or  transcon¬ 
ductance,  the  periodicity  of  which 
determines  the  frequency  of  each 
possible  output  component. 

Converter  design  is  frequently 
carried  out  by  means  of  measure¬ 
ments  only,  or  by  means  of  cut-and- 
try  methods  backed  by  experience. 
The  amount  of  computation  that 
enters  into  such  a  procedure  de¬ 
pends  upon  the  nature  of  the  work, 
the  importance  of  this  design,  and 
similar  factors  of  engineering^  im¬ 
portance.  An  experimental  method, 
using  conversion  diagrams,  make 
possible  the  theoretical  investiga¬ 
tion  of  the  behavior  of  mixer  cir¬ 
cuits  under  various  conditions*  of 
operation.  The  experimental  and 
graphical  techniques  for  establish¬ 
ing  such  conversion  diagrams  were 
outlined,  and  the  result  of  measure¬ 
ments  on  diode  converters  at  a  fre¬ 
quency  of  7  Me  or  higher  were  pre¬ 
sented.  The  paper  was  primarily 
concerned  with  a  discussion  of  the 
mechanism  by  which  satisfactory 
frequency  conversions  at  ultrahigh 
frequencies  could  be  accomplished 
by  a  combination  of  mathematical, 
experimental,  and  graphical  meth¬ 
ods  of  analysis. 

The  making  of  ultra-high-speed 
radiographs,  using  exposures  of  the 
order  of  one  microsecond,  requires 
the  passage  of  electron  currents  of 
from  2,000  to  3,000  amperes,  accord¬ 
ing  to  Dr.  C.  M.  Slack  of  Westing- 
house  and  Edward  R.  Thilo  of 
Frankfort  Arsenal,  Philadelphia, 
who  delivered  a  paper,  “Field  Emis¬ 
sion  Applied  to  Ultra  Speed  X-Ray 
Technique.”  It  is  not  practicable  tp 
obtain  such  large  currents  from  a 
tungsten  filament,  but  such  cur¬ 
rents  can  be  supplied  by  an  electron 
source  utilizing  field  emission  from 
a  cold-cathode  electrode  in  a  high 
vacuum.  While  investigating  the 
phenomena  of  spitting  or  backfir¬ 
ing,  with  a  capacitor  discharge  ma¬ 
chine,  it  was  found  that  the  magni¬ 
tude  of  bursts  of  current  were  sur¬ 
prisingly  large.  The  problem  of 
controlling  these  currents  so  that 


/ 


i. '  ■' ' 

i '  •  The  Altec  Lansing  multi* 

cellular  two-way  speaker 
is  ready  for  installations.  It 
provides  broadcasters, 
manufacturers  and  audi¬ 
ences  with  quality  sound  in 
a  frequency  range  up  to 
15,000  cycles  plus.  One  of 
the  exclusive  reasons  why 
the  Duplex  speaker  revo* 
lutionizes  the  methods  of 
sound  reproduction. 


SEND  FOR  lULllTINS 
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ELECTRONICS  —  1944 


117 


KEN-RAD 


woe 


The  public  has  awaited  television  so  pa* 
tiently  auQ  eagerly  that  unprecedented  stand* 
ards  of  perfection  must  be  in  immediate 
evidence  when  commercially  sound  market¬ 
ing  begins  Ken-Rad  Cathode  Ray  Tubes 
will  be  the  answer 


TRANSMITTING  TUBES  R.E  C  E  I  V  I  N  O  TUBES 
CATHODE  RAY  TUBES  INCANDESCENT  DAMPS 


SPECIAIi  PURPOSE  TUBES  FLUORESCENT  LAMPS 
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A  ^WEAPON  FOR  KmCKiNO 
FRODUemN  COSTS  POWN 
IT^  HARO  TO  MATCH  TH/S*-^^'W-* 

n\N  ^ 

THF  SCREW  WITH  THF  EHO/HBFRFD 
RECESS  THAT  STEFS  U^^^^REW 
PRimO  SFEEO  AS  MUCH  AS  50^ 


night  at  your  command  is  one  of  the  most  potent  and  efficient  weapons 
for  speeding  up  assembly  and  cutting  costs  that  you  could  hope  to  find* 
It’s  Phillip’s  -  the  Engineered  Recessed  Head  for  all  kinds  of  screws. 
It’s  the  screw  recess  that  eliminates  fumbling,  wobbly  starts,  slant 
driving,  and  dangerous  skids  —  the  troubles  that  have  long  made  screw 
driving  slow,  awkward  —  and  costly! 

It’s  the  screw  recess  that  makes  driving  easier  for  workers  —  helps  keep 
them  going  at  top  speed  through  a  full  shift. 

It’s  the  screw  recess  that  lets  you  adopt  spiral  and  power  driving  for 
assemblies  where  speed  tools  have  never  been  practical. 

Hundreds  of  plants  have  increased  screw-driving  speeds  as  much  as 
50%  . . .  and  cut  costs  correspondingly . . .  simply  by  switching  to  Phillips 
Recessed  Head  Screws.  Can  you  do  the  same?  Make  the  switch  to 
Phillips  Screws  now -and  you’ll  see.  You’ll  see  they  cost  less  because 
they  help  you  produce  much  morel 


TO  MAKE  WARTIME  QUOTAS 
AND  PEACETIME  PROFIH 

Starting:  Driver  point 
automatically  centers  in  the 
Phillips  Recess  . . .  fits  snugly. 
Fumbling,  wobbly  surts,  slant 
driving  are  eliminated.  Work 
is  made  trouble-proof  for 
green  hands. 

Fastar  Driving:  Spiral  and 
power  driving  are  made  prac¬ 
tical.  Driver  won’t  slip  from 
recess  to  spoil  material  or  in¬ 
jure  worker.  (Average  time 
saving  is  50%. ) 

intlnr  Driving:  Turning  power 
is  fully  utilized.  Workers 
mainuin  speed  without  tiring. 

latter  Fattening:  Screws  are 
set-up  uniformly  tight,  witb- 
<Hit  burring  or  brwking  of 
screw  heads.  The  job  is 
stronger,  and  the  ornamental 
recess  adds  to  appearance. 


Cvntvr  corners  ! 
Fhillips  Rocms  oro  : 
rowndod ...  { 

NOT  M|woro. 


Kottora  ot  Fhillips 
Rocoss  Is  nearly 
flat . .  . 

NOT  taporod  to  a 
sharp  point. 


flsvtasfcet  Screw  Cs..  Pswtaekst  R.  t. 

PliMlI  Msnutsctimiit  Cs.,  Chieofs.  lU. 

Rssdint  Strew  Ce.,  Nsrrittswn.  Pa. 

Rinsell  BortKall  A  Ward  Bolt  A  Nut  Ca ,  Pert  CImtsr,  N.  V, 
Stevill  Msautattarint  Cs.,  Wstnreills.  CsM. 

Shakerrwf  iae..  Chteais,  III. 

Tks  SeutMaitsa  Hardware  Mft.  Ce.,  Seuthiastsa,  Cana, 
WelveHas  Belt  Ce..  Oetrsit  Mieh. 


Tke  H.  M.  Haryer  Cs.,  Cliitsfs.  iH.  • 
latemationat  Strew  Co..  Detrelt.  Mieh. 

The  Laattea  A  Sessleat  Cs.,  Cievelaad,  Oh:s 
Marufscturart  Strew  Preducts.  Chieaye,  II'. 
Miiferd  Rivet  end  Mathiae  Ca.,  Milford.  Cenn. 
Tke  Natiuaai  Screw  A  Mfs.  Ce..  Cievelaad,  Okie 
New  Cngtaad  Screw  Cs.,  Keeae.  N.  H. 
Parker-Katsa  Cery.,  New  Ytrk.  N.  Y. 


Ameritaa  Straw  Cs.,  Prsvidaacs.  R.  I. 
Atlantic  Strew  Weeks,  Hartferd,  Cenn. 

The  BrUtel  Ca..  Wsterkary,  Cenn. 

Central  Sarew  Ce..  Ckicaye,  lit. 

Chandler  Predaets  Cery..  Cleveland.  Okie 
Cantiaentai  Screw  Ce..  New  Bedferd,  Mast. 
Tke  Cerhin  Screw  Cery..  New  Britain,  Cenn. 
Beoeral  Strew  Mf|.  Ce.,  CkleafS,  4fl. 
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TYPC  f\fO  6/VAO 

SELF-LOCKING 


the  electron  stream  would  strike  a 
suitable  anode  with  the  necessar}’ 
velocity  to  produce  x-rays  was  next 
undertaken. 


Are  as  Cathode 

A  control  electrode  placed  in  close 
proximity  to  a  sharp  edge  gave 
promise  of  fulfilling  the  necessary 
conditions.  The  diagram  shown 
may  be  used  to  explain  the  method 
of  operation  of  the  device.  The  ca¬ 
pacitors  are  charged  by  the  trans¬ 
former  El  through  rectifiers  V,  and 
Va  to  a  voltage  somewhat  less  than 
that  required  to  break  down  the 
spark  gap  L.  Simultaneously,  ca¬ 
pacitor  C«  is  charged  to  about  1,000 
volts.  'When  the  circuit  is  broken 


When  the  Type  6NAO  Paliiut  is  tight¬ 
ened,  its  arched,  slotted  jaws  grip  the 
bolt  like  a  chuck  (1-1),  while  spring 
tension  is  exerted  upward  on  the  bolt 
threads  and  downward  on  the  part 
(2-2),  securely  locking  both.  A  third 
grip  is  exerted  around  the  top  of  the 
bolt  by  spring  tension  at  3-3. 


IW  new  Type  6NAO  Self-Lockhix  Palnut 
may  be  used  as  a  one-piece  locknut  to 
aecnreh  fasten  parts — or  as  an  adjusting 
nut  to  maintain  accurate  settings  any¬ 
where  on  the  screw.  (See  typical  use 
herewith.) 


When  used  as  a  fastening,  the  full  triple 
grip  is  uiiliaed  to  keep  parts  tiidtt  under 
ribration,  without  need  of  lockwashera. 
When  UHcd  as  an  adjusting  nut,  the  ihird 
gripping  action  (3-3)  locks  it  firmly  in 
position. 


Circuit  daToltqped  for  utilixinq  field  emis¬ 
sion  to  prorido  heory  electron  currenli 
in  hiqh-speed  radiography 


Type  6NAO  Palnuta  are  single  thread 
locknuts,  made  of  tempered  spring  steel. 
Light  in  weight,  low  in  cost,  easUy, 
speedily  applied.  Send  details  of  yonr 
aaaemhly  for  samples  and  anggestions. 
Write  for  new  data  sheet  and  copy  of 
Palnut  Manual  No.  2,  giving  mformation 
on  all  types  of  Self-Locking  Palnuta. 


at  point  B,  the  charge  on  the  grid  of 
thyratron  T  leaks  off,  permitting 
Ct  to  discharge  through  the  pri¬ 
mary  of  induction  coil  E,  which 
gives  a  sufficiept  impulse  to  the 
high-voltage  circuit  to  cause  the 
gap  L  to  flash  over.  This  causes  the 
surge  generator  gaps  to  break 
down,  which  impresses  a  high  volt¬ 
age  inside  the  x-ray  tube  between 
points  G  and  H.  Electrons  are 
drawn  from  G  and  this  initial  dis¬ 
charge  becomes  an  arc  between 
points  G  and  H  which  spreads  out 
into  the  focusing  cup  and  becomes 
a  virtual  cathode  at  apparently  un¬ 
limited  current-carrying  capacity. 
Due  to  the  action  of  resistance  J, 
the  discharge  transfers  to  the 
anode,  /,  with  consequ  nt  produc¬ 
tion  of  x-rays.  The  properties  of 


Adlastiag  Nat  ea  Relay 
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WHITAKER  HAS  THE  “KNOW  HOW” 


for  producing  precision  made  wiring  harnesses 


i 


You  can  save  a  lot  of  time,  and  avoid  grief, 
by  arranging  to  have  your  wiring  harness 
requirements  produced  by  Whitaker  .  .  . 
Our  quarter  of  a  century  of  speciali2ed  ex¬ 
perience  backs  up  your  judgment  when 
you  turn  jobs  over  to  us. 

You  will  find  our  experts  capable  of  turn¬ 
ing  out  wiring  jobs  in  volume,  exactly  to 
specifications,  and  in  a  minimum  of  time. 

In  our  modern  plants  we  have  ample  ca¬ 


pacity  and  complete  facilities  for  producing 
custom-built  wiring  harnesses,  bonding 
jumpers,  cable  assemblies,  and  flexible  leads. 

Regardless  of  whether  your  wiring  needs 
are  for  war  production,  or  are  contemplated 
for  post-war  products — it  will  pay  you  to 
get  in  touch  with  us ...  In  addition  to  custom- 
built  engineered  wiring  assemblies, Whitaker 
also  offers  a  quality  line  of  standard  stock 
cable  produas — Catalog  on  request. 


WHITAKER  CABLE  CORPORATION 

General  Offices:  1307  Burlington  Avenue,  Kansas  City  16,  Missouri 
Factories:  Kansas  City,  Mo.  •  St.  Joseph,  Mo.  •  Philadelphia  •  Oakland 
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such  a  field  emission  should  find 
application  to  electronic  deviecK 
other  than  x-ray  tubes,  partkularlv 
where  pulse  techniques  are  im 
portant. 

.  X~Rajf 

The  very  short  exposures  possible 
with  this  tube  and  generator  have 
permitted  sharp  radiographs  to  be 
made  of  extremely  rapidly  moving 
objects.  The  chief  use  of  this  devel¬ 
opment  so  far  has  been  in  ballistics 
research  to  observe  the  realignment 
of  component  parts  inside  a  bullet 
when  it  is  fired.  A  stationary  x-ray 
picture  is  taken  of  the  bullet,  which 
is  then  fired  and  a  high-speed  x-ray 
picture  taken  of  this  same  bullet  in 
flight.  A  comparison  of  the  two 
x-ray  pictures  reveals  any  shift  of 
the  component  parts  which  has 
taken  place. 

Dr.  Wesley  Roberds,  in  a  talk 
“The  Use  of  Radio  Frequencies  to 
Obtain  High  Power  Concentrations 
for  Industrial  'Heating  Applica¬ 
tions,"  stated  that  the  use  of  radio 
frequencies  makes  possible  the  ap¬ 
plication  of  power  to  metal  objects 
in  concentrations  up  to  100  kw  per 
sq  in.  Under  favorable  conditions, 
this  may  represent  the  expenditure 
of  2,000  kw  of  power  per  cu  in.  of 
material  being  heat  treated.  A 
study  of  heat  distribution  in  metals 
treated  by  high-frequency  furnaces 
illustrates  two  important  facts: 
(1)  the  heating  time  must  be 
very  short  (in  the  order  of  mi¬ 
croseconds)  if  the  high  temper¬ 
atures  are  to  be  closely  confined  to 
the  volume  occupied  by  the  induced 
current;  (2)  the  greatest  heating 
effect  occurs  at  the  boundary  be¬ 
tween  magnetic  steel  and  its  non¬ 
magnetic  form  when  magnetic  ma¬ 
terials  are  treated.  As  the  steel  is 
heated  above  the  Curie  tempera¬ 
ture,  the  maximum  heating  effects 
move  inward. 


CANNON  QUALITY  CONTROL  is  our  investment 
but  you  collect  the  dividends.  Let’s  see  how. 

We  mill  all  contaas  to  extremely  close  tolerances. 
You  get  the  benefit  of  low  voltage  drop.  We  die  cast 
fittings.  You  gain  strength  and  save  weight.  We  pio¬ 
neered  the  split  shell.  You  (colleaively)  save  hundreds 
of  thousands  in  the  cost  of  wiring  and  assembly. 

All  along  the  line  we  take  extra  care  in  manufacture. 
We  test,  inspea  and  check  again.  You  have  the  assur¬ 
ance  that,  whatever  else  may  fail,  the  Cannon  Plugs  you 
use  are  dependable. 

All  that  is  worth  a  lot  to  you  isn’t  it.^  It’s  our  invest¬ 
ment  in  your  good  will. 


Cannon  Electric  Dovelopmont  Co.,  Los  Angelos  31,  California 

Canoakin  Factory  and  Enfiinnnring  OSRcns 
Cannon  Eloctric  Company,  Limitod,  Toronto 

RuprmtmotuUvat  in  principal  dtiat  —  Cansult  ypur  local  tolophona  kook 


World’s  largKt  connector— CanmoM 
DPL  with  133  contacts. 


Practical  Conditions 


The  optimum  frequency  is  deter¬ 
mined  principally  by  the  size  and 
shape  of  the  work  to  be  heated.  In 
general,  the  smaller  the  piece,  the 
higher  is  the  frequency  which 
should  be  used.  Power  concentra¬ 
tion  is  obtained  with  the  use  of 
electronic  generators  having  output 
powers  up  to  200  kw  at  400  kc.  For 
dielectric  heating,  the  power  con¬ 
centrations  are  much  lower  than  in 
induction  heating  but  it  is  usually 


DP  Connector  Bulletin 

32  pages  giving  complete  data. 
Free  oa  request.  Address  Depart¬ 
ment  A-120,  Cannon  Electric  De¬ 
velopment  Co.,  3209  Humboldt 


Street,  Los  Angeles  31,  California. 
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%cfromc  Gtasswure 


,  “PYREX”  nnd  **C!()RNING”  are  register^  trade-marks  of  Coming  Glass  Works 
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CHALLENGE! 

As  you  look  through  the  ods  in  this  magazine ••• 
FIND  THE  GLASS  PARTS  NOT  MADE  AT  CORNING 


IT’S  really  not  much  of  a  gamble  on  our  part.  The 
truth  is  that  most  of  the  electronic  glass  equip¬ 
ment  built  today  comes  from  Corning  Glass  Works. 

Bulbs,  flares,  insulators,  transformer  bushings,  tub¬ 
ing,  resistor  tubes,  coil  forms,  are  just  a  few  of  the 
hundreds  of  electronic  glassware  products  produced 
under  our  Army-Navy  "E”  flag.  Here  you  will  find 
glasses  with  high  electrical  insulating  qualities;  glasses 
with  an  expansion  coefficient  practically  equal  to  that 
of  fused  quartz;  glasses  extremely  resistant  to  mechan¬ 
ical  shock;  glasses  that  can  now  be  made  into  intri¬ 
cate  shapes  formerly  considered  impossible.  And  be¬ 


hind  them  all,  75  years  of  pioneering  in  glass  research 
and  experience  gained  in  the  development  of  more 
than  25,000  glass  formulae. 

We  hope  this  doesn’t  scare  you.  All  it  means  is  this: 
If  you  have  a  problem  you  think  glass  might  be  help¬ 
ful  in  solving,  feel  free  to  call  on  Corning!  Everything 
we  know  about  glass  is  at  your  service.  Just  to  get 
started  we’d  like  to  send  you  a  copy  of  an  informative 
new  booklet,  “There  Will  Be  More  Glass  Parts  In  Post¬ 
war  Electrical  Products.”  If  interested,  write  Electronic 
Sales  Dept.  E*ll,  Bulb  and  Tubing  Division,  Coming 
GlassWqrks,  Corning,  New  York. 


possible  to  apply  energy  at  far 
higher  levels.  Since  the  electrodes 
are  good  electrical  conductors,  they 
are  not  heated  by  the  current  and 
therefore  are  generally  cooler  than 
the  work.  Thus  the  surfaces  of  the 
work  are  usually  kept  cooler  than 
t^e  interior  and  the  conduction  of 
heat  from  the  work  to  the  electrode 
is  one  of  the  limiting  factors  in  pro¬ 
ducing  high  energy  concentration 
of  work. 

A  complete  description  of  a  two 
million  volt  mobile  x-ray  unit  was 
described  in  a  paper  by  Dr.  E.  E. 
Charlton  and  W.  F.  Westendorp  of 
the  Research  Laboratory  of  Gen¬ 
eral  Electric  Co.  The  new  unit  con¬ 
sists  principally  of  a  low-frequency 
resonance  transformer  with  a  coax¬ 
ially  mounted  multi-section  x-ray 
tube  within,  both  contained  in  a 
steel  tank  and  insulated  with  com¬ 
pressed  gas.  The  x-rays  are  gen¬ 
erated  at  a  target  mounted  in  the 
end  of  a  chamber  projecting  from 
one  end  of  the  tank.  The  unit  is  5 
ft  in  diameter  and  8  ft  in  length  and 
weighs  5,000  lb.  It  is  mobile  in  the 
sense  that  it  can  be  readily  moved 
by  crane  and  positioned  for  opera¬ 
tion  at  any  angle  by  pushbutton 
control  of  fractional-horsepower  • 
motors. 

Trarutformer  Construotiun 

The  transformer  has  a  low-volt¬ 
age  winding  consisting  of  two  flat 
coils  of  rectangular  wire,  and  a 
high-voltage  coil  consisting  of  243 
thin  flat  sections  spaced  apart  for 
cooling.  The  resonance  principle  of 
operation  makes  an  iron  coil  un¬ 
necessary  in  this  type  of  trans¬ 
former  and  the  central  space  of  the 
high-voltage  coil  is  occupied  by  the 
x-ray  tubes,  thus  facilitating  the 
making  of  connections  to  various 
tube  electrodes  and  providing  the 
benefit  of  electrostatic  shielding  by 
the  transformer  coil.  The  multi¬ 
section  high-voltage  coil  serves  a 
quadruple  purpose;  (1)  to  generate 
voltage ;  (2)  to  grade  the  potentials 
so  as  to  prevent  creepage;  (8)  to 
shield  the  x-ray  tubes  electrostat¬ 
ically  from  the  grounded  tank; 
(4)  to  support  the  grounded  shield 
mechanically. 

A  24-section  x-ray  tube,  which 
seals  off  the  pump  for  operation  at 
two  million  volts,  was  especially  de¬ 
signed  for  this  resonant  trans¬ 
former.  It  has  a  filamentary  cath¬ 
ode,  a  copper-backed  tungsten  tar- 
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GENERAL 

SILENTBLOC 


MOUNTINGS..  .  BEARINGS 
COUPLINGS 


This  Book  Tells  3  Whys  Your  Product 
May  Be  Silentbloc 


Gives  Torque  Action 
Without  Lubrication 

If  your  product  has  oscillating  parts,  you 
may  make  a  radical  improvement  with 
General  Silentbloc  rubber  torque  bearings. 
Silentbloc  construction  gives  imlestructible 
rubber-to-metal  union — no  chemical  bond 
— can’t  slip.  Needs  no  lubrication; 
unharmed  by  dust.  General  engineers  can 
design  a  Silentbloc  bearing  for  your  specilk 
needs,  with  controlled  amplitude,  using  any 
metal  and  rubber.  Eliminating  lubricated 
bearing  may  cut  your  production  cost. 


Corrects  for  Misalignment 
in  Bearings  and  Shafts 

General  Silentbloc  bushings  are  used  to 
correct  for  misalignment  in  needle  or  ball 
bearings  in  a  series,  in  long  shaft  supports 
and  in  hinges.  Loading  and  stress  caus^  by 
misalignment  are  taken  up  by  the  resilient 
rubber  between  metal  sleeves.  Silentbloc 
bushings  offer  a  double  advantage:  1.  Pro¬ 
tection  against  wear  and  damage.  2.  Saving 
on  machining  and  fitting  to  close  tolerances. 
Bushings  can  be  made  of  any  metal  and  any 
rubber,  including  oil-resistant  synthetics. 


Controls  Vibration  and 
Absorbs  Sh€H:k  Loads 

General  Silentbloc  rubber  mountings  damp 
or  isolate  vibration,  cushion  shock  loads 
and  absorb  noise  in  motors  and  moving 
equipment.  Silentbloc  is  not  just  “a  piece 
of  rubber.”  It  is  an  engineered  mounting, 
made  of  any  metal  and  rubber,  designed  to 
give  predictable  performance  with  specified 
rate  of  deflection  in  any  plane.  Its  better 
control  of  vibration  and  shock  load  may 
enable  you  to  lighten  your  product,  step 
up  efficiency  and  lengthen  life. 


Write  for  Booklet  showing  deUib  of  patented  Silentbloc  constniction — outer 
metal  sleeve  into  which  rubber  ring  is  compressed  and  inner  sleeve  or  shaft  "shot”  through 
nibber.  Radial  compressive  force  of  elongated  rubber  forms  indestructible  rubber-to-metal 
union.  Address  The  General  Tire  ft  Rubber  Company,  Dept.  94.  Wabash,  Indiana. 


THE  GENERAL  TIRE  ft  RURRER  CO 

Mechanical  Goods  Division,  Wabash,  Indiana 
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This  enormous  range  of  voltages — five  hundred 
million  to  one— is  accurately  covered  by  our  ,  _ 
Model  300  Electronic  Voltmeter  and  some  of  the  % 
accessories  shown  above.  Frequency  range  10  to 
150,000  cycles.  Accuracy  2%  over  most  of  the 
range.  AC  operation.  Five  decade  ranges  with 
logarithmic  scale  make  readings  especially  easy. 
Uniform  decibel  scale  also  provided.  May  also 
be  used  as  a  highly  stable  amplifier,  70  DB 
gain,  flat  to  150,000  cycles. 

e  _ 

BAllMTim  LABORATORIES,  M. 

BOONTON,  NEW  JERSEY.  U.  S.  A. 
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get  and  accelerating  cylindrical 
electrodes  in  each  of  the  interme¬ 
diate  sections. 

In  a  broad  survey  of  recent  de¬ 
velopments  in  the  electronics  field, 
M.  J.  Maiers  of  the  Commonwealth 
Edison  Cn.,  Chicago,  outlined  the 
characteristics  of  dielectric  heating 
and  gave  a  list  of  applications  for 
which  dielectric  heating  has  been 
proved  economically  successful,  or 
on  which  extensive  research  work 
has  been  done. 

A  survey  of  the  role  which  elec¬ 
tronics  plays  in  the  laboratory  and 
industrial  instrumentation  was 
given  by  H.  D.  Middel  of  General 
Electric  Co.  One  of  the  first  appli¬ 
cations  of  electronics  was  the  meas¬ 
urement  of  potentials  produced  by 
the  dissociation  of  acids  and  known 
as  pH  or  hydrogen  ion  concentra¬ 
tion  meters.  With  the  introduction 
of  low  grid  current  tubes,  such  as 
the  FP-64,  it  became  possible  to  pre¬ 
amplify  the  output  of  the  glass 
electrode  and  utilize  it  to  drive  more 
or  less  conventional  forms  of  auto¬ 
matic  potentiometers,  thus  making 
continuous  measurements  of  pH 
and  subsequent  control  possible. 
Meters  of  this  tyrpe  are  being  used 
in  the  manufacture  of  penicillin. 

Electronics  has  made  possible  a 
wide  variety  of  servo-mechanisms 
or  follow-up  systems  which  will  am¬ 
plify  small  torques  so  that  the  mo¬ 
tion  of  a  heavily  loaded  output 
mechanism  will  correspond  closdy 
without  imposing  any  restraint  or 
reaction  upon  its  motion  either  io 
the  direction  of  its  rotation  or 
axially. 

Gag  Analysis 

Electronics  has  introduced  an  en¬ 
tirely  new  principle  of  gas  analysis 
and  has  provided  a  means  for  ob¬ 
taining  higher  accuracy  and  preci¬ 
sion  as  well  as  automatizing  the 
measurements.  One  method  of  ana¬ 
lyzing  gas  is  by  means  of  the  mass 
spectrometer,  described  by  Hippie 
in  the  November  1948  issue  of 
Electronics.  To  the  other  forms  | 
of  gas  analysis,  using  absorption  in 
the  infra-red  and  ultraviolet  regions 
and  variation  of  thermal  conductiv¬ 
ity,  may  be  added  a  new  method  d^ 
pending  upon  the  variation  in  mole¬ 
cular  weight  or  density  of  the  gas 
with  changes  in  its  constituents.  A 
column  of  the  gas  under  analysis  is 
excited  by  the  output  of  an  audio 
oscillator,  and  the  frequency  at  res- 
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A  survey  of  the  role  which  elec¬ 
tronics  plays  in  the  laboratory  and 
industrial  instrumentation  was 
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This  enormous  range  of  voltages — five  hundred 
million  to  one— is  accurately  covered  by  our 
Model  300  Electronic  Voltmeter  and  some  of  the 
accessories  shown  above.  Frequency  range  10  to 
150,000  cycles.  Accuracy  2%  over  most  of  the 
range.  AC  operation.  Five  decade  ranges  with 
logarithmic  scale  make  readings  especially  easy. 
Uniform  decibel  scale  also  provided.  May  also 
be  used  as  a  highly  stable  amplifier,  70  DB 
gain,  flat  to  150,000  cycles. 


BOOMTON,  NEW  JERSEY.  U.  S.  A. 


232 


Nor»mb»r  f 944  —  ELECTRONICS 


mjp  BUD  RADIO,  INC. 

CLIVILAND.  OHIO 


HOWARD  Costal  Holden,  precision  made,  accurate,  and 
dependable,  will  serve  the  racUo,  electronic  and  allied  fields 
in  peace  as  they  have  the  armed  forces  in  war.  Undisputed 
leadership  in  the  manufacture  of  Crystal  Holders,  and  proved 
performance  of  HOWARD  Holden  calls  fori  "Specifications 
to  HOWARD.” 

it  BUY  WAR  BONDS  ★ 

OUIRRD  niRNUFRCTURING  CORR 


COUNCIL  BLUFFS,  IOWA 


;4HHOUHeiK^ 


THE  NEW  BUD  "MASTER  A"  SERIES 


ULTRA  HIGH  FREQUENCY  CONDENSER 

BUD  "MASTER  A”,  series  of  Dual  Section  Transmitter  Con¬ 
densers  has  been  expanded  to  give  a  choice  among  sixteen  items 
in  four  groups.  This  greatly  increases  the  spread  of  BUD  ser¬ 
vice  in  the  ultra-high  frequency  area  of  the  radio  and  electronic 
field.  "Maitsr  A"  condensers  eliminate  most  of  the  "bugs"  in 
UHF  operation.  Full  description  and  characteristics  in  the  new 
BUD  catalog,  ready  about  October  20th.  Ask  for  it. 


Condaiuar  shown  is  BC-1636,  Cap.  35  AAMFD.  per  section. 


onance  or  the  phase  shift  is  meas¬ 
ured  by  electronic  meaps.  Through 
the  use  of  such  an  instrument,  ex¬ 
plosive  mixtures  may  be  avoided  in 
the  operation  of  the  hydrogen  cooled 
alternator. 

Htuurvng  i*reaawre 

Pressure  may  be  measured  by 
any  one  of  the  following  three  meth¬ 
ods:  (1)  by  balancing  an  unknown 
pressure  against  a  known  force; 
(2)  by  measuring  the  deformation 
of  an  elastic  membrane;  (3)  by 
utilizing  a  quantitative  change  in 
the  physical  properties  of  materials. 
Electronic  devices  may  be  applied  to 
any  or  all  three  of  thebe  methods 
of  pressure  measurements.  One  in¬ 
teresting  application  of  the  third 
group  is  that  in  which  tte  thermal 
conductivity  of  a  gas  varies  with 
pressure  to  effect  a  change  in  resis¬ 
tance  or  temperature  of  a  wire  fila¬ 
ment  supplied  with  a  constant  cur¬ 
rent  and  immersed  in  the  gas. ' 

Mr.  Middel  pointed  out  that  it  is 
not  improbable  that  a  pressure-re¬ 
sponsive  element  like  a  spring- 
loaded  bellows  or  a  diaphragm 
might  be  incorporated  in  an  elec¬ 
tronic  tube  to  modify  the  plate-to- 
grid  and  cathode  spacing  and  pro¬ 
vide  a  plate  output  proportional  to 
pressure.  Attempts  have  also  been 
made  to  produce  variable-mu  tubes 
by  moving  the  grid  within  the  tube 
by  mechanical  means. 

In  measurements  of  the  fiow  of 
fiuid,  the  pressure  differential  may 
be  measured  by  a  bellows  type  of 
pressure-measuring  element  in 
which  the  motion  of  the  free  end  of 
the  bellows  may  be  used  to  alter  the 
inductive  relations  in  an  adjustable 
iron-core  transformer.  The  varia¬ 
tion  thus  produced  may  be  regarded 
as  a  signal  which  may  be  transmit¬ 
ted  over  a  pair  of  wires  to  an  elec¬ 
tronic  servo  mechanism  to  accom¬ 
plish  any  desired  result. 

A  considerable  portion  of  the  pa¬ 
per  was  devoted  to  the  measurement 
of  temperature  by  means  of  the  ther¬ 
mocouple,  resistance  thermometry, 
radiation  pyrometry,  self-balancing 
potentiometers,  photoelectric  and 
electronic  potentiometers.  A  photo¬ 
electric  potentiometer  using  a  re- 
fiecting-type  galvanometer  and 
phototube  combination  is  shown  in 
the  circuit  diagram.  Light  varia¬ 
tions  on  the  type  930  phototube  pro¬ 
duce  grid  voltage  variations  on  the 
6J5  triode  which  in  turn  deflects 
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Geograp^^aily  and  mechanically  men  today  are  more  fully  aware  of 
"spherical  Importance'^  than  ever  before. 

New  concepts  of  spherical  distances  are  reshoping  world  strategy  and 
geography — but  of  most  importance  is  sph^icai  accuracy  upon  which  the 
lives  and  destinies  of  all  nations— all  men— depend. 

Tube  Co.  are  specialists  in  spherical  accuracy.  Alu- 
bj^s,  copper  and  nickel  tubing  manufactured  to  close 
td}erance5.^^^^yyyjd  Shielded  Wire  for  electronic  and  ^Radar  devices. 
Precision  Tub^^^r  aiectrical  instruments  of  all  types. 

Our  facilities  ond  engineering  department  are  at  yj^J^sposol. 


^  '%'Maah.'’  •  •  a*'.] 


PRECISION 


TUBE  CO. 


SPECIALISTS  IN  ACCURATELY  DRAWN  TUBING  AND  METAL  SHIELDED  WIRE 

Factory:  3824-26-28  TERRACE  STREET  .  PHILADELPHIA,  PA. 


BRANCHES  IN  ALL  PRINCIPAL  CITIES  SALES  DEPT.  215-05  27TM  AVE.  BAYSIDE,  L.  I.,  N.  Y. 
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PORTABLE  POWER  PROBLEMS 
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the  pointer  of  the  galvanometer,  G. 

The  tube  is  used  as  a  variable  re¬ 
sistance  in  one  arm  of  a  Wheatstone 
bridge.  Light  variations  on  the 
phototube  thus  unbalance  the 
bridge.  In  series  with  the  load  is  a 
resistor  so.  arranged  thhl  a  voltage 
proportional  to  output  current  is 
fed  back  in  opposition  to  the  input 
voltage.  This  causes  the  galvanom¬ 
eter  to  take  up  a  stable  position  as 
some  function  of  the  remaining  un- 


Clrcuit  oi  a  photoelectric  potentloineter 
Uiat  operates  on  D^ht  Toriation  for  meaau* 
nring  temperature 


balanced  current.  The  magnitude 
of  this  current  is  not  constant,  but 
varies  with  the  basic  element  sensi¬ 
tivity,  the  kind  of  optical  system 
and  input  voltage. 

■  The  present  status  of  the  use  of 
fluoroscopic  rather  than  radio- 
graphic  methods  of  examining  in¬ 
dustrial  products  was  reviewed  by 
Dr.  Scott  W.  Smith  of  Kelley-Koett 
Mfg.  Co.  in  a  paper,  “Industrial 
Fluoroscopy  of  Light  Materials,” 
in  which  attention  was  directed  to 
various  factors  contributing  to  the 
success  of  this  method,  and  the  out¬ 
look  for  future  developments  was 
discussed.  It  was  pointed  out  that 
the  possibility  of  using  fluoroscopy 
as  a  means  of  relieving  radiography 
of  part  of  the  burden  of  industrial 
inspection,  where  the  degree  of 
sensitivity  required  is  within  its 
limitations,  is  being  given  serious 
consideration.  It  seems  quite  rea¬ 
sonable  to  expect  fluoroscopy  to  aug¬ 
ment  rather  than  to  supplant  ra¬ 
diography. 

Present  Applications 

Since  industrial  specimens  do  not 
necessarily  require  a  short  expo¬ 
sure,  and  are  not  subject  to  move¬ 
ment  during  exposure,  these  advan¬ 
tages  have  permitted  the  develop¬ 
ment  of  fluoroscopy  for  many  indus¬ 
trial  applications.  In  fact,  the  flu- 
oroscope  has  been  used  for  quite  a 


HIGH  SENSITIVITY  and  standardized  opera¬ 
tion  characterizes  the  General  Electric 
Model  "B'TClectrocardiograph  which  assists 
doctors  in  quickly  establishing  accurate 
diagnosis  and  prognosis  of  heart  condi¬ 
tions.  A  true  photographic  record  of  min¬ 
ute  change  in  heart  potential  waves  is 
given  by  this  remarkable  lightweight,  bat¬ 
tery-powered  instrurpent.  As  a  result,  it 
quickly  and  economically  makes  available 
information  that  would  otherwise  be  very 
difficult  to  obtain. 


BATTERY  COMPARTMENT,  shown  upper  left,  houses  thj  power  heart  of  the  G-E  Model 
“B”  Electrocardiograph  (Burgess  “A”  and  “B”  Batteries  are  standard  equipment.) 
General  Electric  descriptive  literature  emphasizes  that  “batteries  provide  the  most  de¬ 
pendable  source  of  power — always  smooth.”  Battery  power  assures  operation  anywhere — 
independent  of  commercial  electric  supply.  Burgess  engineers  are  constantly  adapting 
special-purpose  batteries  for  specific  commercial  and  industrial  requirements.  Let  them 
solve  your  portable  power  problems.  Send  coupon  for  free  Engineering  Manual. 


rKCC  •  •  •  80-PAGE  ENGINEERING  MANUAL! 

31  descriptive  psses,  25  charts  and  36  data  tables  on  dry  battery  charac¬ 
teristics  for  electronic  applications.  Tabbed  for  ready-reference.  Write 
Dept.  9  for  your  free  copy.  Burgets  Batteryr  Company,  Freeport, HI. 
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America’s  Pride  Flies  with  the  B-29! 


As  the  giant  Boeing  B-29  Superfor- 
-  tress  carries  destruction  to  Japan, 
the  pride  of  America  echoes  in  the 
roar  of  her  mighty  engines.  And  to  the 
ingenious  Boeing  engineers  who  cre¬ 
ated  her,  the  Nation  owes  a  great  debt. 

We  have  special  reason  to  be  proud 
of  the  B-29's  performance,  for  Boeing 
incorporated  no  less  than  3CX)  perma¬ 
nent  magnets  in  her  magnetos,  instru¬ 
ments,  compasses,  audio  speakers,  radio 
equipment,  automatic  pilot,  remote 
gun  controls  and  other  vithl  devices. 

It  is  our  job  to  manufacture  a  large 


p>ortion  of  these  permanent  magnets, 
as  well  as  those  for  other  types  of  war 
equipment.  And  our  specialized  de¬ 
signing  skill  has  often  resulted  in  in¬ 
creased  efficiency  and  lower  costs. 

Our  engineers  are  in  an  excellent 
position  to  help  solve  your  perma¬ 
nent  magnet  problems.  Write  for  a  copy 
of  our  "Permanent  Magnet  Manual." 


ISSlRlIMtNTS 


long  time  for  such  applications  at 
spotting  a  foreign  body  in  packaged 
food,  candy  and  tobacco,  as  well  at 
sorting  fruits,  determining  the  fill¬ 
ing  level  in  cans,  the  shape  and  posi¬ 
tion  of  the  core  of  golf  balls,  or  The 
alignment  of  the  elements  in  elec¬ 
tron  tubes. 

After  a  historical  resume  of  flu¬ 
oroscopic  methods  and  screens,  it 
was  shown  that  an  improved  zinc 
sulfide  screen,  treated  in  such  a  way 
as  to  reduce  afterglow,  is  commonly 
used  at  the  present  time  and  that 
photographs  of  the  fluoroscopic 
image  on  small  films  has  been  gen¬ 
erally  employed  in  induction  centers 
during  the  war  with  a  considerable 
saving  in  film  over  the  •  usual 
14  X  17-in.  radiograph  previously- 
employed. 

It  was  concluded  that  the  wide¬ 
spread  use  of  radiography  for  the 
control  of  foundry  technique  and 
the  inspection  of  light  alloy  cast¬ 
ings  can  be  further  augmented  by 
the  use  of  fluoroscopy  with  a  reduc¬ 
tion  in  the  cost  factor. 

In  a  paper  entitled,  “Aircraft 
Electronic  Applications”  A.  P.  Up¬ 
ton,  Minneapolis-Honeywell  Regu¬ 
lator  Co.,  described  a  complete  elec¬ 
tronic  control  system  as  used  in 
modern  aircraft.  The  electronic 
turboregulator  and  the  electronic 
autopilot  forming  the  major  parts 
of  this  system  were  described  in  de¬ 
tail  in  the  May  1944  and  Sept.  1944 
issues  of  Electronics  respectively. 

A  paper  was  presented  by  John 
M.  Cage  of  Allis-Chalmers  Mfg. 
Co.  entitled  “Negative  Feedback 
Amplifier  Theory  Applied  to  Regu¬ 
lators.”  The  paper  considered  the 
mechanical  problem  of  regulator  op¬ 
eration,  which  may  be  most  con¬ 
veniently  solved  by  the  mathematics 
originally  developed  in  connection 
with  electrical  theory.  Such  a  pro¬ 
cedure  requires  the  necessary  trans¬ 
formations  of  the  terms  of  the 
dynamical  differential  equations 
from  the  physical  concepts  of  one 
system  to  the  physical  concepts  of 
another. 

The  paper  also  outlines  an  experi¬ 
mental  procedure  for  measuring 
and  studying  the  frequency  re¬ 
sponses  of  actual  systems  employ¬ 
ing  regulators. 

W.  R.  Mehaffey,  of  Armour  Re¬ 
search  Foundation,  opened  the 
treatment  of  his  paper,  “Strain 
Gage  Amplifier  Design,”  by  a  dis¬ 
cussion  of  the  advantages  of  resis- 


inch  pap>er  or  film:  Recording 
speeds  quickly  adjustable:  Auto¬ 
matic  record  length  control:  Au¬ 
tomatic  record  numbering:  Simul¬ 
taneous  viewing  and  recording: 
All  controls  convenient  on  top 
panel.  Early  delivery.  Hathaway 
Instrument  Co.,  Denver,  Colorado. 


The  ideal  instrument  for  portable 
use,  such  as  geophysical  work,  field 
testing,  and  aviation  flight  testing. 

Ten  channels:  Galvanometers  avail¬ 
able  covering  wide  range  of  char¬ 
acteristics:  Daylight  loading  of  6- 
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DIAMOND 
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The  DIAMOND  Vulcanized  Fibre  part  illustrated  is 
a  handle  for  a  welder’s  torch.  It  is  made  from 
tubing.  DIAMOND  Vulcanized  Fibre  is  used  for 
this  part  because  DVF  is  tough,  strong  and  light  in 

B  weight . . .  because  it  insulates  electrically 
and  thermally.  The  handle  is  econom¬ 
ically  made  from  DVF  because  DVF  is 
readily  machined,  formed,  spun,  sawed 
or  otherwise  fabricated.  For  complete 
technical  data  on  this  C-D  NON-Metallic, 
write  for  catalog  DF. 
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SPARTANSURG,  S.  C. 


DtSTWCT  OFFICES 

CLEVHAND  U  •  CHICAGO  11 
.  •  SAIES  OFFICES  IN  PRINCIPAL  CITIES 


=  \Stutn€n<l 


WEST  COAST  REPRESENTATIVES 
MARWOOD  ITD^  SAN  FRANCISCO  3 
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tance  strain  gages  for  indication. 

The  electrical  circuits  used  with 
strain  gages  are  of  two  genera] 
types,  the  amplitude-modulated  S3r8- 
tem  and  the  a-c  potentiometer  cir¬ 
cuit.  The  amplitude-modulated  sy«. 
tern  is  used  at  loiik  frequencies  and 
for  static  measurements,  whereas 
the  potentiometer  system  is  pri¬ 
marily  used  for  dynamic  impact 
studies. 

A  block  diagram  of  a  circuit  suit- 
mechanical 


able  for  measuring 
strain  by  means  of  strain  gages  in 
a  bridge  circuit  is  shown.  The  re¬ 
sistance  in  one  arm  of  the  bridge  it 
the  strain  gage,  while  a  complemen- 


Strain 

gage 


Comp. 

gage. 


Oscillator 


Step 

attenuator 


onant’s  standard  midget 

S  160)  LEADS  A  3-WAY  LIFE! 


Yes,  indeed,  the  standard  midgets  of  the  Conant 
family  (160"  diameter  discs)  are  versatile. 

The  unique  full  metal  case  protects  the  rectifier 
assembly  from  damage  and  permits  mounting 
in  any  of  three  positions  with  a  single  screw. 
Combining  the  three  positions  with  angular 
mounting  permits  the  leads  to  extend  from  the 
rectifier  in  almost  any  direction.  Thus, 
one  standard  rectifier  serves  for  all  models. 
Further  protection  is  provided  by  a 
spiecial  moisture  proof  seal. 

Design  and  construction  of  Series  160 
are  the  result  of  years  of  experience  and  close 
cooperation  with  instrument  manufacturers. 

For  all  applications  requiring  high  sensitivity 
operation  over  an  extended  frequency 
range,  you  can  count  on  Conant’s  Standard 
Mi^et— Series  160. 


Diode 
rectifier 
and  filter 


Block  diagram  oi  units  lonnlng  a  gage 
for  moosuring  mochonical  strain 


tary  gage  is  located  near  the  meas¬ 
uring  gage  but  is  mounted  in  such  a 
way  that  it  does  not  measure  strain. 
A  resistance  could  be  used  but  the 
use  of  a  complementary  gage  per¬ 
mits  temperature  compensations  to 
be  easily  obtained.  Both  capaci¬ 
tance  and  resistance  balance  must 
be  provided  in  this  bridge  circuit  if 
a  sharp  null  indication  is  to  be 
achieved.  The  transformer  for  sup¬ 
plying  power  to  this  bridge  must  be 
carefully  shielded  and  have  bal- 
construction.  The  output 


anced 

from  the  bridge  may  be  coupled  di¬ 
rectly  to  the  grid  of  the  first  stage 
of  amplification. 

Methods  of  Operation 

In  general,  there  are  three  basic 
methods  of  operation  of  this  bridge 
circuit.  In  the  first,  adaptable  par¬ 
ticularly  to  static  conditions,  the 
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bridge  is  initially  balanced  before 
the  member  is  strained,  then  rebal* 
anced  after  the  member  is  strained, 
the  change  in  the  reading  of  the 
calibration  dial  on  the  slide  wire  is 
then  proportional  to  the  deflection 
OT  strain.  The  second  method  of 
operation  is  the  so-called  voltage 
unbalance  method  in  which  the 
bridge  is  initially  balanced  before 
the  application  of  the  strain  and 
the  unbalanced  voltage  as  indicated 
by  a  metering  circuit  is  used  as  a 
measure  of  the  strain.  The  third 
method  is  that  in  which  the  bridge 
is  usually  operated  with  an  off-bal¬ 
ance  initial  condition  to  provide  an 
indication  that  the  strain  is  either 
tension  or  compression. 

The  author  concluded  that  the 
amplitude-modulated  system  pro¬ 
vides  a  simple  and  reliable  means 
for  amplifying  the  output  from 
electrical  strain  gages  without  the 
need  for  direct-coupled  amplifiers. 
The  basic  problems  in  the  design  of 
this  type  of  equipment  for  use  as 
null  system  or  a  voltage  imbalance 
system  were  treated  in  the  paper. 

Tube  History 

A  rather  comprehensive  outline 
of  the  development  of  electron  tubes 
was  given  by  I.  E.  Mouromtseff  of 
the  Westinghouse  Electric  &  Mfg. 
Co.  He  pointed  out  that  although 
beam  tubes  are  usually  considered 
to  be  a  recent  development,  the 
first  practical  result  of  electron  tube 
research  was  the  production  of 
x-ray  tubes  in  1895  making  use  of 
the  electron  emission  as  a  beam. 

In  discussing  high-frequency 
tubes,  it  was  pointed  out  that  the 
first  vacuum  tube  used  in  high-fre¬ 
quency  circuits  was  built  in  1892 
by  Zehnder  for  demonstrating 
Hertzian  waves  to  large  audiences. 
The  Zehnder  tube  was  a  small  gas- 
filled  tube  in  which  the  gas  dis¬ 
charge  was  triggered  by  high-fre¬ 
quency  oscillation.  The  develop¬ 
ment  of  high-vacuum  pumping  tech¬ 
niques  and  the  invention  of  the 
glass-to-copper  seals  by  Houskeeper 
in  1922  gave  a  new  impetus  to  the 
development  of  radio  tubes.  Mr. 
Mouromtseff  anticipates  tubes  of 
500  kilowatts  as  perhaps  represent¬ 
ing  the  ceiling  for  practical  rating 
of  individual  sealed-off  tubes,  for  at 
power  greater  than  this,  the  coat  of 
the  tube  will  probably  be  out  of 
proportion  to  their  advantages  be¬ 
cause  of  design  difficulties. 


The  power  output  of  this 
precision  motor  is  excep¬ 
tionally  high  in  proportion 
to  its  light  weight  and 
small  size.  Originally 
developed  for  numerous 
aircraft  and  portable 
applications,  the  charac¬ 
teristics  of  its  performance 
can  readily  be  modified 
for  a  variety  of  new  uses. 
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1600  FRAME  MOTORS 

Series 

Shwit 

Watts  Output,  Int. 

(max.) 

22 

Watts  Output,  Con. 

(max.) 

5 

Torque  at  8500  RPM 

(in.  oz.) 

3 

Torque  at  5800  RPM 

(in.  oz.) 

4.5 

1 

Lock  Torque 

(in.  oz.) 

12 

3 

Volts  Input 

(min.) 

5 

5 

Volts  Input 

(max.) 

32  . 

32 

Shcrft  Diameter 

(max.) 

.250" 

.250" 

Temperature  Rise 

50*C. 

40®C. 

Weight 

12  oz. 

12  oz. 

PIONEERS 


ELECTRICAL-ELECTRONIC 


PROGRESS 


OF 


GIASS-TO-METAL  SEAIS 


by  the  Thousand! 


HUMIDITY-PROOF 
SHOCK-PROOF 
LEAK-PROOF 


Another  modern  elertrieal  development 
pioneered  and  perfeeted  by  Sprague 


Pioneered  many  months 
ago  by  Sprague,  giass-to- 
metal  seals  for  Sprague 
Capacitors  and  hermetically- 
sealed  *Koolohm  Resistors 
have  progressed  far  beyond  any  "laboratory  curiosity" 
stage.  Not  only  are  they  being  produced  commercially 
at  better  than  10,000  seals  per  day,  but  they  have  proved 
highly  efficient  both  electrically  and  mechanically.  Seal 
sizes  range  from  very  small  up  to  3"  diameter.  They 
work  equally  well  with  practically  any  metal  including 
steel,  brass,  and  monel  metal,  and  do  not  require  the 
use  of  glass  bushings  and  adjacent  metal  rings  with 
"matched"  temperature  coefficients  of  expansion. 

There  are,  of  course,  plenty  of  "scientihc"  reasons 
why  glass-to-metal  seals  of  this  type  are  not  feasible. 


Here  again,  however,  the  allegedly  impossible  has 
simply  provided  the  incentive  for  another  outstanding 
Sprague  engineering  achievement.  Actually,  the  only 
disadvantage  to  the  seals  so  far  uncovered  is  the  fact 
that  corona  voltages  are  a  little  lower  than  we’d  like 
them  to  be— yet  this  limitation  only  becomes  a  factor 
at  voltages  upwards  of  25  KV.  In  all  respects,  the 
Sprague  glass-to-metal  seal  answers  the  old  problem  of 
guarding  Capacitors  and  Resistors  adequately  against 
leaks  and  moisture— and  without  organic  bushings  or 
other  materials  which  might  be  attacked  by  fungus. 

Today,  glass-to-metal  sealed  Sprague  Capacitors  and 
*Koolohm  Resistors  are  available  in  8,000  electrical 
characteristic  combinations— which  is  another  way  of 
saying  that  there  is  a  sealed  unit  for  every  application 
that  needs  one.  Details  gladly  sent  on  request. 


SPRAGUE  ELECTRIC  COMPANY,  NORTH  ADAMS,  MASS. 

(Fermoriy  Spragu*  Sp«ciolH*s  Co.) 
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NEWS  OF  THE  INDUSTRY 

Conference  notices;  new  television  studios  opened; 
Washington  News  on  transformers,  production  of  elec¬ 
tronic  ecpiipment,  broadcast  power,  tubes  and  parts 

Collective  Bargaining  for  Engineers 


Protection  of  the  individual 
ensrineer,  suggests  C.  A.  Powel, 
newly-elected  president  of  AIEE, 
could  probably  be  provided  most 
effectively  by  an  overriding  asso¬ 
ciation  embracing  all  engineering 
and  devoted  specifically  to  the  wel¬ 
fare  of  the  profession  as  a  whole 
and  the  individual  members  com¬ 
prising  it 

Speaking  before  the  Los  Angeles 
Section  Meeting  of  AIEE,  Mr. 


Powel,  who  is  manager  of  head¬ 
quarters  engineering  at  Weiffing- 
house  Electric  and  Manufacturing 
Ckimpany,  said  that  such  an  organ¬ 
ization  must  have  constant  and  inti¬ 
mate  contact  with  the  rank  and  file 
of  engineers  and  must  bring  its 
weight  to  bear  in  community  and 
civic  affairs.  “The  desire  for  col-, 
lective  action,”  Mr.  Powel  stated, 
“is  as  powerful  among  engineers  as 
it  is  among  members  of  labor  or 


ARMY-NAVY  PREFERRED  ELECTRON  TUBES— SUPERSEDES  PREVIOUS  LISTS 


RCCEIVINQ  TYPES 

MISCELLANEOUS 

FlMMni 

OMi 

Twin 

PENTODES 

Cathode 

Vittata 

OMw 

THidw 

TrMm 

THtdw 

RwweH 

Sharp 

Cofivartara 

Output 

Indieatora  RaetMara 

Ray 

Cryalala 

1.4 

1A3 

mt 

1U3 

3A0 

1T4 

1L4 

1U0 

1LB4 

1006 

8AP1 

1N21B 

• 

ILNO 

1R0 

3A4 

3BP1 

1N23B 

ISO® 

3S4 

30P1 

1N29 

SO 

0U4Q 

tOCPI 

1N27 

6V3QT 

8CP7 

1N88 

o.s 

6AU 

OAQO 

2022 

OJO 

0AB7 

6AC7 

0SA7 

8B4Q 

OAFO  OXOQT/G 

OJPI 

Phototuhaa 

OHO* 

osqr* 

2040 

0SL7QT 

0AQ7 

0AQ7 

OQOQ 

OEO  1006 

7BP7 

000 

0SR7* 

004 

0SN7QT 

0SIC7* 

OAJOJ 

OLOQA 

120P7 

027 

0F4 

7P0 

0003 

8AK0 

0N7GT/Q 

12QP7 

020 

0J4 

0A86 

OVOQT/Q 

013 

030 

OJO* 

0SJ7* 

OYOQ 

031A 

70/1201 

7W7 

I 

0002 

0001 

ValtaH 

12.6 

12H0* 

12SQ7* 

12J0QT  12SI.7QT 

12SG7* 

128 J7* 

12SA7* 

12A6* 

1029 

— 

12SN7* 

12SN70T 

12SK7* 

14H7# 

14J** 

OA3/VR7S 

14E0** 

14H7** 

14R7** 

14W7 

OC3/VR100 

20  Md 

2SL0QT/Q 

001  28ZIQT/Q 

OD3/VR1IO 

■bm 

2807** 

TRANSMITTINO  TYPES 

RECUnERS  1 

1 

Twta 

Palaa 

QrW 

Clippv 

1  TriodM 

Tttrodw 

TMrodM 

Pmtodw 

Modidatora 

Vacuum 

Qac 

Control 

Tuhai 

Qaa  Sadtchlnf 

2CSM 

020 

807 

010 

2E22 

3021 

2X2A 

4B20 

8021 

3820 

1B32/832A 

2C» 

0S3A 

813 

0298 

4E27 

•'3E29 

IBM 

01 

3023 

TIM 

SC4I 

SOSA 

014 

S32A 

803 

0021 

0R4QY 

087B 

3C31/01B 

3CM 

080 

827R 

037 

7100 

S71B 

oeoA 

OOB 

eVStfSr.) 

MOR 

1020 

7QBA 

OOOB 

804 

100TH 

OUA 

030 

OTtA 

304A 

280TH 

1020 

1010 

8M 

104TH 

0020 

■no 

2000 

IT 

0080 

SU 

*Whar«  dinet  intcrch&ngaftbility  is  assured  “GT**  and  "L”  eountaiparts  at  tbs  pisfertsd  mstal  tubs  may  bs  used. 
fPiods  Psntoda. 

**Tbess  ttibss  ats  the  only  types  with  obaraetsnstios  neoiSed  fat  2S^«lt  plats  supply,  and  may  bs  used  ia  ibis  type  at  applisst&on*  Any  of  tbs  types 
listed  under  “Resstiiu  Diodes’*  may  be  used  for  28-Tolt  plats  supply  applies tioas. 
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white-collar  unions.”  Two  other 
plans  of  joint  action  have  already 
been  tried,  but  had  serious  short¬ 
comings.  One  is  the  move  of -the 
American  Society  of  Civil  Engi¬ 
neers  to  have  local  sections  act  as 
bargaining  units,  while  the  other 
favors  the  inclusion  of  engineers  in 
the  general  white-collar  unions. 
However,  as  Mr.  Powel  pointed  out, 
the  first  presents  a  number  of  legal 
obstacles  and  the  second  subjects 
the  engineers  to  many  decisions  and 
rules  which  are  clearly  intended 
for  a  great  majority  of  people  doing 
an  entirely  different  class  of  work. 

Therapeutic  Music 

The  effects  of  music  on  certain 
t3rpes  of  mental  and  nervous  disor¬ 
ders  is  being  determined  by  experi¬ 
ments  conducted  through  the  sur¬ 
geon  general  of  the  U.  S.  Army  and  ? 


{Specialists  in  the  Development  of  UHF  Equipment 


Recommended  for  Fast/  EasY/  ACCURATE 
Calibration  of  Wavemeters,  Signal  Generators/ 
Oscillators/  Receivers/  etc. 


BEAT  DETECTOR  UNIT 
provides  easy  calibration 
with  either  aurcd  or  visual 
indication  of  zero  beat 


2  OUTPUT  and  ADJUST 
MENTS  give  crystexl«con- 
trolled  harmonic  frequen¬ 
cies  up  to  2000  meqa- 
cycles.  r- 


The  Secondary  Standard 

LAVOIE  C~200  CALIBRATOR 


MODULATION  CON- 
TROLS  permit  selection  of 
either  modulated  or  un¬ 
modulated  output  as  well 
as  degree  of  modulation. 


The  LAVOIE  C-200  Calibrator  is  an  instrument  that  estab¬ 
lishes  CTystal-contTolled  frequencies  at  UHF  up  to  and 
beyond  2000  megacycles.  By  means  of  a  switch  it  cuts  out 
lO's  and  produces  only  40's  on  the  megacycle  frequency 
range  ...  or  by  means  of  an  Identifier,  selects  any  ONE  of 
these  frequencies  for  purposes  of  identification.  A  detector 
and  amplifier  on  the  panel  expedite  the  calibration  of 
signal  generators,  etc.  Detailed  information  promptly  upon 
request. 


MILLIAMMETER  and  SE¬ 
LECTOR  SWITCH  facUi- 
totes  easy  adjustment  of 
output  controls. 


RADIO  ENGINEERS  AND  MANUFACTURERS 

MORGANVILLE,  N.  J. 
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THE  INSL-X  CO.,  Inc.  •  857  Meeker  Ave.  •  Brooklyn  22,  N.  Y 


Philadelphia 


Detroit 


the  Institute  of  Applied  Music. 
Music  as  an  aid  to  treatment  has 
been  tried  before,  but  has  never 
been  properly  or  adequately  con¬ 
trolled  nor  has  its  application  been 
evaluated  scientifically. 

The  music  itself;  which  in  this 
experiment  is  regarded  solely  as  an 
aid  to  treatment  and  not  as  enter¬ 
tainment  or  recreation,  will  be  pre¬ 
sented  by  the  highest  type  of  pro 
fessional  musicians.  Presumably, 
successful  results  from  these  tests 
will  point  the  way  to  wider  use  of 
recorded  and  transcribed  presenta¬ 
tions. 


Television  on  SMPE  Agenda 

A  PAPER  ON  PROJECTION  TELEVISION 
delivered,  at  the  _66th  Semi- 
Annual  Technical  Conference  of  the 
Society  of  Motion  Picture  Engi¬ 
neers,  by  Dr.  D.  W.  Epstein  of  RCA 
Laboratories  and  Dr.  I.  G.  Maloff  of 
RCA  Victor  Division,  Radio  Corp. 
of  America.  The  conference,  held 
in  the  Hotel  Pennsylvania,  New 
York,  on  Oct.  16,  17,  and  18,  also 
included  a  talk  on  coaxial  cable  and 
other  facilities  for  television  net¬ 
works,  by  H.  S.  Osborne,  chief  en¬ 
gineer,  AT&T. 


Capacitor  with  Capacitor  with 

standard  wax.  INSL-X  traatad  wax. 

Attar  5  days'  actual  axposura 


FUN6ICIDAL  CONCENTRATE 
for  ELECTRONIC  WAXES 

MEETS  U.  S.  AKUr  SIGNAL  CORPS  REQUIREMENTS 


CONVENTIONS  TO  COME 

Nov.  2-3.  National  Time  and  Mo¬ 
tion  Study  Clinic,  Chicago,  Ill.  In¬ 
dustrial  Manacoimbnt  Society, 
C.  S.  Becker,  vice  president,  206 
West  Wacker  Drive,  Chicago  6,  Ill. 


•  Prominent  manufacturers  find  INSL-X  I-IT 
Fungicidal  Concentrate  for  Electronic  Waxes 
highly  effective  in  the  treatment  of  impregnating 
waxes  for  coils  and  parts  *  in  the  surface  treat¬ 
ment  of  phenolic  resistors,  tube  sockets,  etc.  * 
for  protection  of  cotton  wire  coverings  •  for 
wax  paper,  labels,  etc. 

•  INSL-X  1-1 T  will  not  vaporize  or  lose  potency 
at  bath  temperatures.  Official  tests  show  INSL-X 
Fungicides  are  non-toxic  to  humans.  INSL-X  fun¬ 
gicides  are  non-corrosive  to  metals. 


Nov.  9-10.  Fall  Meeting,  Dayton, 
Ohio.  Institute  of  the  Aeronau¬ 
tical  Sciences,  Robert  R.  Dexter, 
secretary,  1505  RCA  Bldg.  West, 
Rockefeller  Center,  New  York  20, 
N.  Y. 


Nov.  13-14.  Rochester  Fall  Meeting 
&  War  Radio  Conference,  Rochester, 
N.  Y.  Rochester  Fall  Meeting 
Committee,  Virgil  M.  Graham, 
chairman,  PO  Box  750,  Williams- 


For  chlorinated  naphthalene  ("Halowax") 
INSL-X  I-2T  is  recommended. 


Nov.  13-14.  .Annual  Fall  Convention, 
New. York.  N.  Y.  SOCIETY  OF  THE 
Plastics  Industry,  C.  S.  Shoe¬ 
maker,  meeting  chairman,  Dow- 
Chemical  Co.,,  30  Rockefeller  Plaza. 
New  York  20,'  N.  Y. » •• 


INFORMATIVE  LITERATURE  ON  FUNGUS  PREVENTION  AVAILABLE  UPON  REQUEST 


NoV.  15-19.  American  Chemical 
Society,  Chicago  section.  Third  Bi- 
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UNIFORM  AAAGNETIC 
FLUX  WITHOUT  SEPARATE 
POLE  PIECES 
,  ON  AAAGNET 


Designed  (or  thinnest — but 
G-E  engineers  took  adven- 
tege  of  the  new  magnetic 
materials  to  improve  perform* 
ance  and  add  unusual  values. 
Comol  was  selected  for  the 
magnet,  and  it  thus  became 
the  basic  part' around  which 
the  internaUpivot  element 
was  designed. 


MOVING  COIL  (WITH  POINTHt. 
BALANCE  WEIGHTS,  AND 
SPRNGS  OMITTED 
TO  SHOW  DETAaS) 


Moving  element  mount* 
ed  on  one-piece  comol 

magnet 


Type  DW«53  d<  voltmeters, 
ammeters,  and  volt-ammeters. 
Designed  to  measure  voltage  and 
current  in  battery  and  battery¬ 
charging  circuits  on  naval  air- 
aaft.  Designed  to  meet  all  ap< 
plicabic  Navy  specifications. 


An  air-gap  flux  density  of  approximately  2000  gausses — made  possible 
L  by  the  comol  magnet — means  a  magnetic  field  some  50  per  cent 
Stronger  than  that  of  the  conventional  chrome-steel  magnet. 

Higher  Torque  This  greater  magnetic  strength  provides  a  substantial 
increase  in  torque.  Since  the  weight  of  the  moving  element  is  about  the 
same  as  that  of  other  designs,  the  torque-to-weight  ratio  is  much  higher. 

Faster  Response  The  greater  flux  density  also  allows  the  use  of  a  larger  air 
gap,  which  minimizes  any  tendency  toward  stickiness.  Faster  response, 
which  is  assured  by  the  high  torque  and  lightweight  moving  system, 
enables  acciu-ate  readings  to  be  taken  more  quickly. 

Improved  Performance  Large-radius  pivots  and  good  damping  are  among 
the  other  good  features  in  the  internal-pivot  design — a  design  that 
packs  all-round  fine  performance  in  a  small  space.  They  all  add  up  to 
an  instrument  that  is  well  able  to  withstand  abnormal  vibration  and 
shock  and  maintain  its  rated  accuracy. 

For  complete  information,  ask  our  nearest  office  for  Bulletin  GEA-4064, 
which  covers  instruments  for  use  in  radio  and  communications  equip¬ 
ment;  or  Bulletin  GEA-4117,  which  describes  those  suitable  for  navid 
aircraft.  General  Electric  Company,  Schenectady  5,  N.  Y, 


For  radio  and  odici  communica- 
lions  strvicc:  Type  OW-51  d-c 
voltmatan,  ammcLars,  milliam- 
meters,  miooamineten;  Type  DW- 
52  radio-frequenqr  ammeters 
(a-c  thermocouple  hrpeX  Cms 
are  brass  or  molded  Textdile. 
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I 
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NEW  R-F  RESONANCE  omi 
COIL  WINDING  CALCULATOR 

Easy  to  use!  For  fast  ac* 
curate  determination  of 
resonance  factors  and  coil 
winding  data.  No. 
Postpaid,  2  Sc. 


Pec.  11-12.  First  An^al  Conference 
New  York,  N.  Y.  TEiivisiON  Bboad- 
CASTERS  Association,  Will  Baltin, 
secretary,  600  Fifth  Ave.,  New 
ta  York  18,  N.  Y. 


’«nnial  National  Chemical  Exposi¬ 
tion  &  National  Industrial  Chemical 
Conference,  Coliseum,  Chicago,  Ill. 
Marcus  W.  Hinson,  manager,  380 
South  Wells  St.,  Chicago  6,  Ill. 


WASHINGTON  NEWS 

Transformers.  Officials  of  WPB 
have  asked  transformer  makers  to 
refuse  orders  when  they  cannot  de¬ 
liver  and  to  notify  WPB  of  the  fact. 
The  board  will  then  aid  in  passing 
the  orders  on  to  other  manufac¬ 
turers  with  available  capacity.  Ade- 


OVIR  10,000  ITEMS— sifch  as: 


ThImc  Trancfermcrs  MicrcphenM 

CoiiNcnscrc  Relays  Headphones 

Capacilars  Switches  Feblic  Address 

Resisters  Rectifiers  Test  Egaip. 

Rheostats  WIr*  A  Cable  Intercom. 

Cells  Speakers  Fewer  Supplies 

Sockets  Receivers  Converters 

fhato  Cells  Troinint  Kits  Generators 

Batteries  Cede  Equip.  Chorpers 
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FAST,  EFFICIENT 
NATION-WIDE  SERVICE 


on 


ELECTRONICS  and  RADIO 


save  time  .  .  .  call  ALLIED  first 

From  every  corner  of  the  Nation  . . .  come  calls 
to  ALLIED  for  "rush  delivery"  of  vital  sup¬ 
plies  —  supplies  to  keep  production  humming 
.  .  .  aid  laboratory  research  .  .  .  help  men  in 
training  and  men  in  action.  For  it’s  well- 
known  that  in  this  arsenal  of  supply  are 
centralized  today’s  largest  and  most  complete 
stocks  under  one  roof . . .  over  10,000  electronic 
and  radio  items! 

Furthermore,  our  close  contact  with  all 
leading  manufacturers  enables  us  to  speed 
procurement  of  "hard-to-get”  items. 

Wherever  you  are  . . .  whatever  you  need  . . . 
call  Allied  First.  Our  central  location  in  the 
heart  of  U.  S.  transportation  means  faster 
service  .  .  .  all-ways! 


J  FREE 
j  Cumplute  Up-tu-dot* 

J  BUYING  GUIDE 

Write,  Wire  or  Phone  Haymarket  6800 

ALLIED  RADIO  CORP. 

t33  WEST  JACRSON  BLVD.,  DEPT.  24^-4,  CHKA60 1,  ILUNQIS 


Jan.  22-26.  American  Institute  op 
Electrical  Engineers.  Winter 
Technical  Meeting,  New  York,  N.  Y. 
H.  H.  Henline,  secretary,  33  West 
39  St„  New  York  18,  N.  Y. 

Jan.  30-Feb.  1.  Institute  of  the 
Aeronautical  Sciences.  Thir¬ 
teenth  Annual  Meeting,  Pupin 
Physics  Laboratory,  Columbia  Uni¬ 
versity,  New  York,  N.  Y.  Meetings 
Committee,  1605  RCA  Building 
West,  30  Rockefeller  Plaza.  New 
York  20,  N.  Y. 

Multi-Studio  Television 

j  Facilities  of  the  DuMont  television 
,  station  in  New  York,  WABD,  have 
1  formerly  consisted  of  a  single 
studio  alongside  the  transmitter, 

I  film  projection  room,  and  laboratory 
;  on  the  42nd  floor  of  a  Madison-Ave- 
I  nue  building.  Recently  g  new 
studio  on  the  second  floor  of  the 
same  building  was  put  into  service. 
Larger  than  the  first,  it  still  follows 
the  principle  of  low-cost,  small-staff 
and  minimum-space  operation- 
showing  the  possibilities  of  televi 
sion  broadcasting  for  the  relatively 
small  operator. 

Among  problems  which  proved 
troublesome  to  company  engineers 
installing  the  new  studio  were 
vibrations  from  the  subway  under 
the  building  and  magnetic  fields 
from  the  passing  trains.  These  de 
fleeted  the  cathode-ray  pictures 
three-quarters  of  an  inch  and  re 
quired  special  shielding.  A  coaxial 
■  link  was  used  between  the  2nd  and 
I  42nd  floors. 


Nationally  recognized  engineering  talent  .  .  .  sharpened 
by  intelligent  specialization  .  .  .  broadened  by  the  ex* 
acting  tests  of  war  .  .  .  explains,  in  part,  PLASTIC'S 
amazing  progress  in  the  field  of  thermoplastic  insulation. 
Also  responsible  are  latest  equipment,  careful  materials 
control,  and  a  personnel  whose  loyalty  and  devotion  is 
"above  and  beyond  the  call  of  duty."  You  can  utilize  to 
advantage  ...  in  today's  planning  and  tomorrow's  pro* 
duction  .  .  .  this  experience  and  ability.  Available  for  the 
asking  is  the  "know  how"  which  can  make  your  product 
o  BETTER  product.  You  can  DEPEND  on  PLASTIC  for 
design  .  .  .  development  .  .  .  delivery. 


L  W.  LORD.  Pm.itnt  M  H.  PHILUPS.  Vice  Pretidenl  end  T:eau>re<  A.  Q.  BLADES^  PUe«  iUna^ 
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quate  supplies  of  components  will 
be  available  if  manufacturing  facil¬ 
ities  are  thus  distributed.  Back¬ 
logs  of  transformer  orders  were 
described  as  slowly  decreasing  in 
most  plants  and  reductions  in  de¬ 
livery  time  anticipated.  In  connec¬ 
tion  with  cutbacks  related  to  VE 
day,  even  though  quantities  might 
be  reduced  as  much  as  30  percent, 
much  of  the  remaining  production 
would  involve  tropicalization  with 
attendant  production  problems. 


IN  A  TINE 
DELAY 
RELAY 


Peoduction  Indices.  Figures  re¬ 
leased  by  WPB  reveal  June  produc¬ 
tion  figures  in  communication  and 


OOMMUNtCATION  AND  ELECT  EQUIP 


Where  60  cycle  alternating  current  is  not 
available;  wherever  interval  timing  and 
time  delay  operation  cure  needed  with  Direct 
Current,  the  Hcrydon  D.C.  Clutch  Unit  func¬ 
tions  like  the  proverbial  charm. 


It  isn't  magic  —  but  its  action  is  smooth, 
certain,  automatic.  Magnetically  operated, 
it  engages  and  disengages  the  switch  op¬ 
erating  arm,  while  the  motor  runs  independ¬ 
ently.  At  the  end  of  the  timed  period,  the 
clutch  is  still  engaged,  holding  the  contact 
in  final  position  until  the  circuit  is  broken 
externally,  when  the  arm  resets  automat¬ 
ically.  Satisfactory  operation  on  widely 
varying  voltages  and  temperatures. 


electronic  equipment  increasing  4 
percent  over  May  and  raising  the 
index  6  points  to  130.  See  chart. 
Airborne  equipment  led  the  way 
with  an  increase  of  8  percent.  Ship 
equipment  remained  at  the  May 
level  while  ground  equipment  went 
up  4  percent. 

Radio  Parts  Committee.  OP  A 
announces  a  radio  parts  manufac¬ 
turers’  industry  advisory  committee 
consisting  of :  Octave  Blake,  Cornell- 
Dubilier  Electric;  Samuel  I.  Cole, 
Aerovox  Corp. ;  Monte  Cohen,  F.  W. 
Sickles;  Russell  E.  Cramer,  Radio 
Condenser;  Allen  Fritzche,  General 
Industries ;  Robert  C.  Sprague, 
Sprague  Electric;  Leslie  F.  Muter, 
Muter;  W.  G.  Roby,  Cinch  Mfg.; 
J.  H.  Stackpole,  Stackpole  Carbon; 
Thomas  A.  White,  Jensen  Radio 
Mfg.;  A.  Blumenkranz,  General  In¬ 
strument;  George  Fraser,  Astatic 
Microphone;  Hugh  H.  Eby,  Hugh 
H.  Eby,  Inc.;  L.  W.  Howard,  Peer¬ 
less  Electrical  Products;  Jerome  J. 
Kahn,  Standard  Transformer;  Har¬ 
ry  E.  Osmun,  Centralab ;  Harry 
Ehle,  International  Resistance;  and 
C.  L.  Walker,  Utah  Radio  Products. 


Haydon  AC  and  DC  timing  motors  and  de¬ 
vices  are  finding  even  wider  scope  in  new 
applications  for  after  the  war  —  for  homes 
and  factories  —  in  the  new  automatic  de¬ 
vices  of  tomorrow. 


Write  today 
for  your  copy 
of  this  cata¬ 
logue. 


3100  SEBIES 
HEAVY  GEAR 
UNIT 

Manufactured  to 
your  specific  re¬ 
quirements  in 
voltage,  frequen¬ 
cy  and  speed. 
Gear  train  de¬ 
signed  for  appli¬ 
cations  up  to  15" 
lbs.  torque  at  the 
output  shaft. 


Broadcast  Power.  By  an  amend¬ 
ment  to  section  3.64  of  its  rules  gov¬ 
erning  standard  broadcast  stations. 
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GENERAL  ELECTRIC  MYCALEX 

is  an  electrical  insulator  possessing  a  combination 
of  features  not  found  in  any  other  single  material. 
Gr-E  mycalex,  because  of  its  high  dielectric  strength 
and  low  power  factor,  is  ideally  suited  for  use  as 
a  high  frequency  insulator  in  radio  equipment  and 
for  ignition  gssemblies  in  high  altitude  aircraft. 
Arcs  occurring  at  high  altitudes  do  not  cause  per¬ 
manent  conductive  tracks. 

Because  intricate  shapes  may  be  molded  with 
G-E  mycalex  with  "molded-in  inserts",  because 
these  ports  are  made  to  extremely  close  tolerances 
and  becarise  their  dimensional  stability  is  high, 
G-E  mycalex  is  a  superior  material  for  assemblies 
which  must  stand  up  under  severe  operating  con¬ 
ditions.  Although  G-E  mycalex  can  be  drilled, 
milled,  and  ground,  these  operations  are  seldom 
necessary  due  to  the  fact  that  parts  can  be  molded 
to  shape. 

Foi  further  information  write  section  N-253,  One 
Plastics  Ave.,  Pittsfield,  Mass. 


PLASTICS 

GENERAL 


DIVISIONS 

ELECTRIC 
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FCC  makes  it  possible  for  a  station 
operating  with  different  power  day 
and  night  to  get  a  license  authoriz¬ 
ing  the  use  of  alternate  trans¬ 
mitters.  Requirements  are  that 
both  be  located  at  one  place  and  that 
both  be  substantially  ihe  same  as  to 
frequency  stability,  reliability  of 
operation,  radio  harmonics  and  oth¬ 
er  spurious  emissions,  audio  fre¬ 
quency  range,  and  audio  harmonic 
generation. 


Automatic  Phonographs.  The  foi- 
jowing  individuals  have  been  ap¬ 
pointed  by  WPB  to  constitute  the 
commercial  automatic  phonograph 
industry  advisory  committee:  J.  E. 
Broyles,  Rudolph  Wurlitser;  Robert 
Gabel,  John  Gabel  Mfg.;  Carl  T. 
McKelvy,  J.  P.  Seeburg;  David  C. 
Rockola,  'Rock-Ola  Mfg. ;  E.  E.  Rull- 
man.  Automatic  Instrument;  and 
V.  G.  Wahlberg,  Mill  Industries. 


Tubes  and  Radio  Parts.  Changing 
conditions  have  made  it  possible  for 
the  radio  and  radar  division  of  WPB 
to  revoke  two  limitation  orders. 
Since  distribution  and  production 
of  several  hundred  types  of  tubes 
are  now  scheduled  under  M-293, 
their  limitation  by  L-76  is  no  longer 
necessary.  Replacement  parts  for 
home  radios  have  been  subject  to 
L-293  which  was  designed  for  maxi¬ 
mum  conservation  of  materials 
without  regard  to  the  most  efficient 
use  of  production  facilities.  Its 
removal  will  allow  production  of 
these  components  on  the  same  lines 
that  are  running  other  parts. 


Probcd>ly  the  most  importcuxt  single  factor  in  modem 
warfare  is  complete,  dependable  communications.  De¬ 
pendable  coihmimicotions  require  a  dependable  power 
supply.  Pincor  Is  proud  of  its  part  in  furnishing  portable 
gasoline-driven  and  other  electrical  power  supply  units 
to  the  fighting  front  as  well  as  to  the  home  front. 

Look  to  Pincor  for  your  postwar  needs  in  power  plants, 
motors,  converters  and  battery  chargers. 

DYNAMOTORS  .  .  .  CONVERTERS 
GENERATORS  MOTORS 

POWER  PLANTS...GEN-E-MOTORS 


APCO  Conference 

Accent  on  the  importance  of  re¬ 
taining  present  police  radio  chan¬ 
nels  and  providing  for  additional 
radio  frequencies  in  the  postwar 
period  was  made  at  the  11th  annual 
national  conference  of  Associated 
Police  Communication  Officers  in  a 
three-day  session  at  Toledo,  Ohio, 
during  September. 

Selection  was  made  by  the  300 
members  present  of  a  large  police 
radio  committee  to  appear  at  the 
FCC  allocations  hearing  in  Wash¬ 
ington  in  October. 

Acclamatory  re-election  of  the 
principal  officers  for  1945  included : 
president  Frank  W.  Walker;  first 
vice-president  Ray  S.  Groenier; 
Bulletin  editor  Capt.  J.  M.  Wherritt 


BUY  WAR  BONDS! 


PIONEER 

GEN-E-MOTOR 

CORPORATION 
SMI-W  DICKENS  AVENUE 
CHICAGO  39.  lUINOIS 

EXPORT  ADDRESS:  2S  WARREN  STREET.  NEW  YORK?.  U.  S.  A.  •  CABLE  ADDRESS:SIMONTRICE.  NEW  YORK 
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Fireproof  AmerTran  Abestol  Immersed  Transformers  re 
duce  both  the  possibility  and  the  extent  of  fire  damage. 
That*8  why  they  earn  lower  insurance  rates  and  permit 
vaultless  indoor  installation,  with  its  convenience,  flexibility 
and  accessibility.  To  industry,  AmerTran  Abestol  Immersed 
Transformers  offer  the  advantages  of  load  center  installation: 
copper  savings,  finer  voltage  regulation,  lower  line  losses 
and  improved  motor  performance.  If  necessary,  they  may 

be  mounted  overhead  because  the  chemically  inert  Abestol. 

• 

which  requires  no  maintenance,  is  sealed.  In  comparison  to 
transformer  oil,  Abestol  possesses  higher  insulating  prop* 
erties  and  similar  heat  transmission  characteristics. 


SM  YA  Filament  traMformer, 
tingle  plmae.  M  eyelet,  i  tec* 
•ndary  windingt  of  S  relu 
each;  $  secondary  windings 
operating  40  KV  almre  grom^ 
and  3  secondaries  operating  20 
KV  above  ground. 


Send  for  further  information. 


60  KVA,  three  phase,  60  cy* 
dee,  211  voht,  Delta  priaaary, 
1900  /  6755  /  7800  /  13510  vokt 
Wye  secondary. 


AMERICAN  TRANSFORMER  COMPANY 

IPS  EMMIT  STREET.  NEWARK  5,  NEW  JERSEY 


ISO  KVA  Distrlbntion  taana* 
foroMr,  tingle  pbate,  600  high 
rohagnt  240/120  low  voltage. 


Pioneer  Manufacturers  of  Transformerii  Reoctors  and 
Rectifiers  for  Electronics  and  Power  Transmission 


tLPCTRONICS 
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and  secretary-treasurer  Ero  Erick-  | 
son.  D.  J.  McFarlane  is  new  second 
vice-president  and  C.  H.  Knudel  was 
chosen  sergeant-at-arms. 

Meeting  in  full  session  during  the 
APCO  conference,  and  prefaced  by 
3n  address  by  BTPR  chairman  Dr. 
R.  G.  W.  Baker,  RT PB  Panel  13  wa.s 
headed  by  D.  E.  Noble  and  formal¬ 
ized  all  of  the  9  committee  reports 
by  approving  the  frequency  alloca¬ 
tions  already  resolved  within  the 
Panel  and  transmitted  the  findings 
to  the  Planning  Board. 

A  police  allocations  sub-commit¬ 
tee  agreed  to  support  an  inter¬ 
spersed  frequency  allocations 
scheme  in  preference  to  a  block 
system  of  assignments  and  empha¬ 
sized  the  need  of  low-frequency  po¬ 
lice  radio  channels  in  mountainous 
regions  of  California  and  the  east, 
in  addition  to  the  retention  of  essen¬ 
tial  point-to-point  radiotelegraph 
and  voice  channels  now  in  use. 


Experimental  Canadian  FM 

Following  up  experiments  which 
had  previously  been  made  at  Mont¬ 
real,  Canadian  Broadcasting  Corp. 
plans  to  establish  an  experimental 
f-m  transmitter  in  that  city.  Funds 
will  come  from  the  |100,000  re¬ 
serves  of  the  Corporation,  accord¬ 
ing  to  Dr.  Augustin  Frigon,  as¬ 
sistant  and  acting  general  man¬ 
ager. 


Electronics  on  the 
Super-F  ortr  ess 

Communication  and  navigational 
aids  have  an  outstanding  impor¬ 
tance  to  the  AAF’s  20th  Air  Force, 
operators  of  the  B-29  Boeing  Super¬ 
fortress  task  force.  Communica¬ 
tions  are  under  the  direct  command 
of  Brigadier  General  Harold  M. 
McClelland,  air  communications  of¬ 
ficer  for  the  AAF. 

When  each  of  the  Superfortresses 
takes  off  on  bombing  flights  over 
Japan  it  carries  approximately  2,- 
000  lb  of  Signal  Corps  aircraft 
radio  equipment. 

Composed  of  many  different  ra¬ 
dio  sets  and  devices,  all  of  which 
were  either  developed  or  improved 
in  the  Signal  Corps’  aircraft  radio 
laboratory  at  Wright  Field,  the 
radio  complement  for  this  super¬ 
bomber  was  the  largest  single  in¬ 
stallation  job  ever  undertaken  by 
the  laboratory,  according  to  Col. 
Hobart  R.  Yeager,  comthanding  of- 


Deadly  Agents  of  Destruction 


This  is  not  a  balloon  barrage.  It  is  an  actual 
photograph,  highly  magnified,  of  parasitic 
organisms  (fungus  growths),  the  control  of 
which  poses  one  of  the  toughest  problems  our 
armed  forces  have  to  contend  with  in  keeping 
electrical  and  communication  equipment  in 
operation. 

If  your  present  contracts  utilize  electrical  coil 
windings,  and  call  for  "tropicalization"  or 
"anti-fungus"  treatments,  our  27  years  of  ex¬ 
perience  are  at  your  service  to  provide  proper 
coil  design  and  treatment. 


COIL  SPECIALISTS  SINCE  1917 


COTO-COIL  CO.,  INC 


PROVIDeNCE  5,  R.  I. 
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UNDER  ALL  CONDITIONS 


By  concentrated  abuse,  the  war  has  proved  the  rel¬ 
ative  merits  of  materials  and  construction  in  many 
kinds  of  equipment.  This  is  particularly  true  in  the 
lease  of  Elearonic  Tubes. 


man 


most  exacting  requirements  of  use.  For  instance,  in 
one  particular  transmitting  type,  the  tendency  of 
the  hlanient  wires  to  go  out  of  alignment  from 
vibration  was  a  common  shortcoming.  This  was 
remedied  by  a  change  in  one  simple  construction 
feature  as  shown  below. 
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The  faa  that  TUNG-SOL  Tubes  have  given  long 
and  efficient  service  in  all  kinds  of  electronic  de- 
I  vices  is  no  happy  accident.  It  is  the  result  of  many 
years  of  intensive  research . . .  tests  for  performance 
in  screen  rooms  by  radio  scientists  . . .  tests  for  rug¬ 
gedness  by  engineers  to  find  possible  weaknesses 
. .  .  redesigning  to  make  sure  that  tubes  meet  the 


Manufacturers  and  users  of  elearonic  devices  may 
be  assured  that  the  sending,  receiving  and  amplify¬ 
ing  TUNG-SOL  Taibes  they  buy  for  initial  equip¬ 
ment  and  replacement  are  as  uniform  and  as  de¬ 
pendable  as  it  is  humanly  possible  to  produce  them. 
TUNG-SOL’s  engineering  development  staff  is 
ready  to  work  with  you  on  your  Elearonic  Tube 
requirements. 


over 


HOW  TUNG-SOL  FILAMENTS  STAY  IN  ALIGNMENT 

One  method  of  holding  the  fila¬ 
ment  wire  in  tension  was  to  hook 
the  tension  wire  to  a  flat  suspen¬ 
sion  bar.  However,  TUNG-SOL 
engineers  found  that  vibration  oft¬ 
en  caused  the  spring  connection  to 
shift  along  the  bar,  thus  forcing 
the  filament  out  of  alignment.  The 
improved  suspension  arch  elimi¬ 
nated  this  possibility. 


FLAT  AtCHED 

SUSPENSION  SUSPENSION 


ELECTRONIC  TUBES 


TUNG-SOL  LAMP  WORKS  INC.,  NEWARK  4,  NEW  JERSEY 

[Al-SO  MANUFACTURERS  OF  MINIATURE  INCANDESCENT  LAAAPS.  ALL-GLASS  SEALED  SEAM  HEADLIGHT  LAMPS  AND  CURRENT  INTOMITTORS 
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WN.  I.  MURDOCK  CO 

139  Carter  St.,  Chelsea  50,  Mass. 


ficer  of  Signal  Corps  Aircraft  Siij- 
nal  Agency. 

Installations  in  the  B-29  nearly 
double  the  number  normally  carried 
by  the  Flying  Fortress,  the  Liber¬ 
ator,  or  other  heavy  bombers  in 
actual  operations,,  he  added.  These 
radio  sets  range  in  weight  from 
one-half  pound,  to  550  pounds. 

None  of  the  radio  equipment  in 
the  B-29  was  designed  specifically 
for  it  as  most  of  the  sets  have  been 
used  in  both  fighter  and  bomber 
aircraft  Wherever  a  choice  ex¬ 
isted  between  two  or  more  different 
sets  of  a  similar  type,  a  selection 
was  made  after  exhaustive  tests 
of  the  equipment  to  determine 
which  would  give  maximum  per¬ 
formance  on  long-range  flights. 

Communication  equipment  pro¬ 
vides  for  conversations  between 
aircraft  in  flight,  between  the  bomb¬ 
ers  and  their  far-distant  bases  and 
between  crew  members  within  a 
plane. 

Navigational  devices  allow  the 
pilot  to  fly  a  direct  or  diverse  route 
as  desired,  to  locate  bases  on  re¬ 
turn  with  the  precision  of  a  homing 
pigeon,  and  to  execute  safe  land¬ 
ings.  Devices  to  guide  rescuers  in 
are  included  in  the  B-29  radio  in¬ 
stallation. 

Technical  problems  encountered 
by  Aircraft  Radio  Laboratory  were 
lumerous  because  of  the  great  num¬ 
ber  of  different  types  of  radio 
equipment  which  had  to  be  installed 
and  made  to  operate  without  con¬ 
flicting  with  or  neutralizing  each 
other. 


RADIO 

PHONES 


''Fm  too  busy  right  now  taking  care 
of  a  BIG  JOB  for  Uncle  Sam,  but 
when  it's  over  and  I  come  home  to 
peace,  I  wont  to  pick  up  those  loose 
strings  in  Radio  again.  Fve  learned 
a  lot  serving  with  the  Signal  Corps 
and  that  experience  will  come  in 
handy  when  I  return  to  my  job  in 
radio  communications.  But  there's 
one  thing  I'm  going  to  insist  on,  and 
that's  MURDOCK  Radio  Phones — ^I'm 
mighty  fond  of  their  clearness  and 
light  weight — and  I  wont  that  some 
cushioned  comfort  later  on.  Yes, 
sir!" 

* 

For  40  years  MURDOCK  precision 
engineering  has  been  devoted  to 
making  the  keenest  ears  in  Radio.  In 
War  and  Peace,  MURDOCK  means 
crystal  clear  and  dependable  com¬ 
munications. 

SUB4X)NTRACTS  ACCEPTED 

Thott^  mo^  oi  o«r  fcwilitto.  cm  cUvoWd  to  gov- 
•mmoat  work,  wo  ocm  oKiko  moco  Kodto  Fhonos 
md  rokted  pcBCIo  ioc  you  on  o  — b-coptroct  basis. 
Woll  bo  glad  to  holp  yoo. 


Here  are  some  of 
MURDOCK'S 
Exclusive  Features; 


1.  CUSHIONED  COMFORT 
lor  long  listening. 


2.' VENTILATED  for  ease 
and  coolness  —  prevents 
condensation. 


3.  SUPER-SENSITIVITY 

for  clear  and  accurate 
reception. 

4.  STURDY.  SOUD-BUILT 
by  precision  methods 

— close  tolerances. 

5.  TWO-WAY  ADJUST¬ 
MENT  to  control  position. 

6.  CONCEALED  TERMI¬ 
NALS — plus  long  cords 
for  easy  movement. 


PERSONNEL 

L.  J.  Chatten,  formerly  assist¬ 
ant  director,  has  been  made  direc¬ 
tor  of  the  radio  and  radar  division, 
WPB.  He  succeeds  Ray  Ellis  who  is 
returning  to  his  post  at  General 
Motors  Corp. 

Head  of  research  on  electronic 
products  at  Littelfuse  Inc.,  Chi¬ 
cago,  Ill.,  is  Bernard  F.  McNamee, 
previously  in  charge  of  the  engi¬ 
neering  department  of  Consoli¬ 
dated  Engineering  Co. 

Harold  Hadden,  control  and  studio 
supervisor  at  WOR,  New  York, 
N.  Y.,  is  coordinating  technical  as¬ 
signments  and  operations  between 
that  station  and  WABD  on  tele¬ 
vision  productions. 

At  Philco  Corp.,  Philadelphia,  Pa  , 
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The  New  General  Plate 
Laminated  Metal 


SILVER 


•  FOR  TINY  SWITCH  BLADES 

TO  HEAVY  STRIPS 

•  FOR  EXTRA  CONDUCTIVITY 

•  SILVER  CLAD  (not  ilectroplate) 

First  in  the  parade  of  new  General  Plate 
Metals  for  post-war  use  is  the  new  laminated 
combination  of  SUt'er  on  Beryllium  Copper. 

Made  by  permanently  bonding  silver  to 
beryllium  copper,  it  gives  you  the  extra 
conductivity  of  silver  ...  so  badly  needed 
where  only  beryllium  copper  meets  the  re¬ 
quirement  .  .  .  plus  the  springiness  of  beryl¬ 
lium  cop{)er. 


No  matter  whether  your  requirements 
call  for  tiny  switch  blades  or  heavy  strips. 
General  Plate  laminated  Silver  on  Beryllium 
Copper  will  provide  better  performance.  It 
is  available  in  combinations  of  silver  on  one 
side  or  both  sides  in  any  thickness — or  centre - 
lay  (silver  between  two  layers  of  beryllium.) 

Find  out  about  this  new  General  Plate 
laminated  metal  .  .  .  Silver  on  Beryllium 
Copper.  Write  for  full  information  today. 


OF  METALS  &  CONTROLS  CORPORATION 
50  Church  St ,  New  York,  New  York  205  W.  Wocker  Drive,  Chicago,  llllnoii 
2/91  Kensingtor^  Place  Eost,  Columbus,  Ohio 

2635  Poge  Drive,  Altadena,  California  j 

ATTLEBORO,  MASSACHUSETTS 
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Dr.  Lee  de  Forest  has  been  ac¬ 
tive  in  the  organization  of  a  cen¬ 
ter  for  electronic  research,  a  fac¬ 
tory  for  the  production  of  radio 


Nor€mb*r  1944  —  ELECTRONICS 


William  Balderson  goes  from  vice 
president  in  charge  of  the  com¬ 
mercial  division  to  take  charge  of 
operations  and  become  a  member 
of  the  executive  committee. 

'  Allen  R.  Du  Muui  has  been  made 
honorary  doctor  of  engineering  by 


Permil 
re  P 


Acoustical  Devices 
lyfhdiir  Superiority! 

^  of  today’s  communication 

^^equipment  is  but  remotely  related  to 
that  in  use  when  the  war  began.  New 
Permoflux  developments  have  meant 
increased  efficiency  for  our  fighting 
forces.  The  wide  frequency  response, 
extreme  sensitivity  and  rugged  me¬ 
chanical  design  of  Permoflux  prod- 
ucts  have  helped  to  achieve  a  stand- 
ord  of  intelligibility  heretofore  un- 
^CQpwn.  Permoflux  products  will  be 
J^bidnrdilcdsle  for  many  new  post  wor  op- 


cations. 


Rensselaer  Polytechnic  Institute. 
Dr.  Du  Mont  is  head  of  Du  Mont 
Laboratories,  Inc.,  Passaic,  N.  J. 

C.  W.  La  Pierre  has  been  made 
assistant  engineer  of  the  general 
engineering  laboratory  at  General 
Electric  Co.,  Schenectady,  N.  Y. 
He  was  formerly  in  charge  of  the 
electro-mechanical  section  there. 

John  H.  Miller  has  been  made 
chief  electrical  engineer  at  Weston 
Electrical  Instrument  Corp.,  New¬ 
ark,  N.  J.  He  was  formerly  assis¬ 
tant  chief  electrical  engineer. 

Philip  F.  Siting  has  been  made 
engineer  in  charge  of  the  fre¬ 
quency  bureau  of  Radio  Corp.  of 
America.  He  was  formerly  assis¬ 
tant  chief  engineer  in  charge  of 
broadcasting  for  FCC. 

Frank  J.  Hajek  has  been  made 
president  of  Taylor  Tubes  Inc.. 
Chicago,  Ill.  He  was  formerly  sec¬ 
retary-treasurer. 

James  C.  Filmer  has  been  made 
vice-president  in  charge  of  engi¬ 
neering  at  Taylor  Tubes  Inc.,  Chi¬ 
cago,  Ill. 
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WILCO  wire,  tubing  and  other  products  are  used  in  various  electronic  applications  for  the 
Army  and  Navy.  In  response  to  the  wartime  demand  for  these  various  products,  the  H.  A. 
Wilson  Company  has  enlarged  its  plant,  increased  its  manufacturing  facilities,  added  essen¬ 
tial  new  equipment  and  developed  new  products  and  techniques.  Both  present  and  future 
customers  will  find  these  new  WILCO  developments  of  great  advantage. 

The  H.  A.  Wilson  Company  manufactures  and  is  interested  in  receiving  inquiries  regard¬ 
ing  the  following  typical  products — 


WILCO  JACKETED  WIRE 

Silver  (Fine,  Sterling  or  Coin) 

Silver  Jacketed  Copper 
Silver  Jacketed  Invar 
Silver  Jacketed  Brass 
Silver  Jacketed  Steel 

Gold  Jacketed  Silver  (Fine,  Sterling,  Coin) 
(^Id  Jacketed  Brass  or  Bronze 
Copper  Jacketed  Monel 
Nickel  Jacketed  Copper 


WILCO  JACKETED  TUBING 

Silver  Tubing  (Fine,  Sterling  or  Coin) 

Cold  Tubing  <any  Color  or  Karat) 

Silver  Jacketed  Brass  or  Bronze  (one  or  both  sides) 

(iold  Jacketed  Silver  (one  or  both  sides) 

(iold  Jacketed  Brass  or  Bronze  (one  or  Ijolli  «i<lest 

WILCO  STRIP  MATERIAL 

Silver  (Fine,  Sterling  or  Coin)  on  Brass  or  Bronze  (Inlay  or  Overlay) 
Gold  on  Silver  (any  Karat  on  Fine,  Sterling  or  Coin) 

Gold  on  Brass  or  Bronze 


Other  WILCO  products  include  Electrical  Contacts — 

Silver,  Platinum,  Tungsten.  Alloys,  Powder  Metal.  Thermostatic  Bimetal  I  High  and  Low  Tem¬ 
perature  with  new  high  temperature  deflection  rates.  |  Precious  Metal  Collector  Rings — For  Rotating 
controls.  Silver  Clad  Steel.  Rolled  Gold  Plate.  Special  Materials. 


for  large  scale  production  of 


JACKETED 

WIRE 


WiLCO 

Now  Equipped 


Let  us  analyze  your  problems. 


THE  H.  A.  WILSON  COMPANY 

105  Chestnut  Street,  Newark  5.  N.  J. 

Branches:  Detroit  •  Chicago 
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and  television  equipment,  and  a 
commercial  television  station,  all 
at  Mexico,  D.  F.,  Mexico. 


Maurice  H.  Hobbe  has  been  made 
managrer  of  the  engineering  de¬ 
partment  in  the  switchgear  and 
control  division  at  Westinghouse 
Electric  &  Mfg.  Co. 


William  Vassar  has  been  made 
administrative  assistant  to  the 
vice-president  in  charge  of  engi¬ 
neering  and  production  at  Emer¬ 
son  Radio  &  Phonograph  Corp., 
New  York,  N.  Y.  He  was  formerly 
an  executive  engineer  at  Crosley 
Corp. 


Frank  X  Lamb  has  been  made 
assistant  chief  electrical  engineer 
at  Weston  Electrical  Instrument 
Corp.,  Newark,  N.  J.  He  was  for¬ 
merly  a  project  engineer. 


”  You’re  still  coming 
thru  clearly!” 


IN  NEW  CALEDONIA  Telex 

Receivers  were  given  an  assign¬ 
ment  where  super-sensitivity  was 
vital — the  clear  reception  of  enemy 
reconnaissance  information. 


j 

in 
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TELEX 

Experience  Offers: 

MogneHc  Receivers: 

Cw.  Vol. — Approx.  0.3  cu.  in. 
Impodoiico  —  Up  to  5000 
ohms. 

Soimlttvlty  — 18  dynot/sq. 
cm.  lor  10  microwatt  input. 
ComerMctloii  —  Ruggod  and 
stobln,  using  only  finnst  motnr- 
iob,  prndsnty  mochinnd — no 
diaphragm  spacing  woshnrs 
in  Tninx  mcnivnrs. 

Tmarfennerf  and  Chokes: 

Os.  V*L — Down  to  .15  cu.  hu 
Coro  MsOorlol  —  High  pnr- 
mnoblity  stunt' oNoyn. 
Wliidlnai — To  your'lpncL 
(Limit  of  six  outsidu  loads  on 
smollust  corns.) 


Gathering  enemy  information 
often  calls  for  trips  inside  enemy 
lines.  When  the  messages  are  dis¬ 
patched  Telex  Magnetic  Receivers 
deliver  them  with  distinct  cleeumess. 

The  engineers  of  Telex  stressed 
super-sensitivity  and  high-fidelity 
Ijerformance  in  perfecting  these  tiny 
receivers  for  the  U.  S.  Army  Signal 
Corps.  An  unusual  ruggedness  pre¬ 
pares  them  to  meet  world -wide 
conditions.  That’s  why  it’s  first  in 
dependability  if  it’s  made  by  Telex. 

Let  Telex  engineers  help  you  to 
solve  your  present  and  near  future 
electronic  development  problems.  In 
creating  the  first  wearable  Electron¬ 
ic  Hearing  Aid  and  in  serving  the 
U.  S.  Army  Signal  Corps  they  are  pre¬ 
pared  to  put  ingenuity  and  experi¬ 
ence  to  work  for  you.  Write  to  us. 

ELECTRONICS  PRODUCTS 
DIVISION 

mm 

PRODUCTS  COMPANY 


Charles  F.  Kettering  has  been 
made  a  member  of  the  subcommit¬ 
tee  on  applied  cyclotronics  of  the 
post-war  program  committee  of  the 
State  of  Ohio.  He  is  head  of  Gen¬ 
eral  Motors  Corp.  research. 

Wendel  C  Fowler  has  been  made 
president  of  the  Fort  Worth  Elec¬ 
tronics  Club,  Fort  Worth,  Tex. 


Roy  Siren  has  been  made  engi¬ 
neer  in  charge  at  Milwaukee  In¬ 
dustrial  Designers,  Milwaukee, 
Wis.  He  was  formerly  with  Nord- 
berg  Mfg.  Co. 

Karl  M.  Lederer  has  been  made 
assistant  director  of  research  at 
Weston  Electrical.  Instrument 
Corp.,  Newark,  N.  J.  He  was  for¬ 
merly  assistant  chief  engineer. 


Pkotooropb  Signal  Carpi,  U.S.  Army 


Casting 


in  a 


vacuum— 

Electronically 


Ilf 


One  of  the  many  vital  processes  that  give 
Mochlett  vocuum  tubes  their  remark¬ 
able  quality  is  a  novel  method  of  cast¬ 
ing  electrodes  in  a  vacuum.  Complex 
ports  of  high-frequency  oscillators,  as 
well  as  X-ray  tube  anodes,  are  made  by 
this  unusuol  technique.  Purified  copper 
rod  is  placed  over  a  mould  In  a  graph¬ 
ite  crucible,  and  the  whole  enclosed 
within  a  double-walled  water-cooled 
quartz-sHicon  tube,  which  is  erKircled 
by  a  high-frequency  coil.  A  vacuum  of 
obout  10'^mm.  of  mercury  ismaintained. 

When  the  current  is  turned  on,  the 
n^etal  melts  and  flows  into  the  mould. 
Cooling  is  precisely  controlled  by  ad- 
sting  the  position  of  the  heating  coil, 
»o  thot  crystals  form  longitudinally,  for 
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maximum  heat  transfer  under  operat¬ 
ing  conditions. 

This  method  occomplishes  a  number 
of  things,  quickly  and  simply.  No  gases 
can  be  occluded  in  the  metal  to  shorten 
tube  life  by  reducing  the  vacuum. 
Oxides  cannot  form.  There  are  no 
"pipes"  in  a  casting  thus  poured.  Di¬ 
mensions  can  be  held  to  about 
1/1 0,000th  of  an  inch— and  accurate 
dimensions  are  as  important  as  metal 
purity  in  protecting  transmitting  tube 
performance,  both  assuring  the  maxi¬ 
mum  designed  performance  artd  long 
life.  Techniques  such  as  this  make  pos¬ 
sible  the  production  of  the  tube  shown 
above  .  .  .  AAachlett  Laboratories,  Iik., 
Springdale,  Connecticut. 


tAL-a46-An  U.  H.  F. 
trongmitting  tub*  foi' 
tml»vision  and  F.  M 
and  short  wavt 
broadcasting. 


RAY  TUBES  SINCE  1896 

TODAY  THIIR  lAROIST  MAKiR 


riWTTur 


^  a*  ^  ^  ^  ^  ^  ^  ^  ^  ^ 


Valp«raiso,  Ind. 

Utfon  Enginaaring  Labs. 

Radwood  CHy,  CalH. 

Sonotona  Corporation 
Whita  Plaint,  N.  Y. 

Union  Aircraft  Products  Corp. 

Now  York,  N.  Y. 

CHIEF  SIGNAL  OFFICER'S 
CERTIFICATES  OF 
APPRECIATION 

tastimonialt  to  th« 


Ttiasa  awards 
contribution  of  individuals  and  organ- 


THE 

CONDENSER 
LINE  OF 
UNSURPASSED 
QUALITY 


At  Westinghouse  Electric  &  |[ 

Co.  R.  T.  Muench  Is  made  mana  jl  j  [ 
of  the  x-ray  products  departing 
Since  1942  he  has  been  manager  c  ^  I 
the  Detroit  x-ray  office.  f- 

i  * 

1.  Walter  Wyekoff  has  been  mad  || 
president  of  Electronics  Manufa;  |; 
turers  Association,  New  Yor’.  r 
N.  Y.  He  is  connected  with  Pil  I; 
Radio  Corp.  If 


AWARDS 

On  the  second  anniversary  of  thi 
presentation  of  the  first  Arruj 
Navy  “E”  Awards,  the  War  Depprt 
ment  announces  that  the  award  ha, 
been  granted  to  3,097  plants. 
on  various  statistical  reports,  it  ha 
;  been  estimated  that  approximate! 
j  3i  percent  of  the  Nation’s  eligib! 

I  plants  have  received  the  award. 

I  Adel  Precision  Products  Corp.  ! 

Huntington  Precision  Prod.  Div. 
Huntington,  W.  Ve. 

Aerovox  Corporation 
New  Bedford,  Mass. 

Eagle  Signal  Corp.  I 

I  Molina,  III. 

Electrical  Research  Labs.,  Inc. 
Evanston.  III. 

Electro-Voice  Mfg.  Co..  Inc. 

South  Bend,  Ind. 

General  Electric  Co. 

Transmitter  Div. 

Syracuse,  N.  Y. 

Hytron  Corp. 

Salem,  Mau. 

The  Indiana  Steel  Prods.  Ce. 


PAPER,  OIL  AND  ELECTROLYTIC  CONDENSERS 

INDUSTRIAL 

.  CONDENSER  .CORPORATION 

172  5  W.  NORTH  AVE.,  CHICAGO,  U.  S.  A, 


DISTRICT  OFFICES  IN  PRINCIPAL  CITIES 
QUICK  DELIVERY  FROM  DISTRIBUTOR  S  STOCKS 


nations  not  eligible  for  Army-Nevy 
recognition. 

Louis  H.  Lamotte 
International  Business  Machines 
Corp. 

Chester  W.  Latimer 
Vice-Pres.  end  Chief  Engineer 
RCA  Communications 
Samuel  Ruben 
New  Rochelle,  N.  Y. 

George  E.  Smith 
Vice-Prasident 
Crostey  Corp. 

William  A.  Winterbottom 
Vice-Pres.  end  General  Mgr. 

RCA  Communications,  Inc. 
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Div. 


•  LATELY,  persons  corresponding  with  us  have 
noted  a  new  address  ...  275  Massachusetts 
Avenue.  We’ve  moved  our  engineering  and  gen¬ 
eral  business  offices  into  a  remodeled  building  at 
his  location.  It’s  just  around  the  comer  from 
0  State  Street,  which  is  still  ours,  and  which  is 
ow  devoted  exclusively  to  manufacturing. 

For  a  long  time  we  have  felt  the  need  for  re- 
rranging  our  space ;  for  one  thing  we  have  been 
adly  cramped  in  the  shop;  and  our  engineering 
iepartment  has  been  spread  over  several  floors 
ind  mixed  up  with  many  other  activities. 

The  new  building,  which  is  connected  by  ramps 
n  two  floors  with  the  older  one,  provides  about 
0  per  cent  more  manufacturing  space,  and  al- 
ows  all  of  the  engineering  department  to  be  on 
ne  floor. 

Under  pressure  of  the  war  we  have  expanded 
our  output  in  several  ways. 
We  have  let  out  the  manu¬ 
facture  of  several  instruments 
to  subcontractors ;  we  have 
turned  over  the  designs,  draw¬ 


ings  and  models  of  several  instruments  to  other 
manufacturers  for  their  exclusive  use;  we  have 
rented*  considerable  extra  space  in  two  outside 
buildings,  in  one  of  which  we  have  contracted  for 
a  large  number  of  war-time  workers  under  our 
own  foremen. 


After  the  war  when  the  armed  guards  have 
left  us,  we  hope  that  you  will  come  to  see  our 
new  laboratories  and  offices.  In  the  meantime  we 
continue  to  devote  our  energies  to  filling  war  or- 
ilers  for  electronic  laboratory  test  equipment. 


VARIAC 


|/UDE  ONLY  BY 


GENERAL  RADIO  COMPANY 


Cambridge  39,  Mass. 


10$  INGEICS 


ECTRONIC 
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NEW  PRODUCTS 


Month  after  month,  manufacturers  de¬ 
velop  new  materials,  new  components, 
new  assemblies,  new  measuring  equip¬ 
ment;  issue  new  technical  bulletins,  and 
new  catalogs 


ment  requires  no  leveling.  Improve¬ 
ments  of  Model  F  include  search 
coil  resistance  up  to  15  ohms;  in¬ 
creased  sensitivity  of  the  basic 
movement,  new  method  of  introduc¬ 
ing  the  current  into  the  moving  coil, 
four  additional  ranges  of  lower 
sensitivity,  and  method  of  calibra¬ 
tion.  The  instrument  is  thoroughly 
described  and  illustrated  in  an  8- 
page  booklet.  The  booklet’s  back 
cover  is  devoted  to  the  subject  of 
the  “Theory  of  Fluxmeter.” 

Sensitive  Research  Instrument 
Co,,  9  Elm  Ave.,  Mount  Vernon, 
N.  Y. 


Maguetic  Cutterhead 

Unit  No.  641  magnetic  cutterhead 
is  for  use  in  standard  lateral  record¬ 
ings  and  is  designed  to  give  wider, 
distortion-free  response.  It  is  used 
as  standard  equipment  on  portable 
recorders  made  by  this  manufac¬ 
turer.  Frequency  response  is  ±2 
db,  30-8,000  cycles ;  impedance,  600 


Time  Meier 

Type  R-161  “Timeter”  is  a  quick- 
reset,  electrically-operated  measur¬ 
ing  instrument  which  automatically 
registers  the  total  operating  hours 
of  any  electrical  device  or  motor- 
driven  machine.  The  unit  registers 
by  tenths  of  hours  up  to  999.9,  and 
then  repeats.  It  is  rated  100-126  v, 
60  cycles,  2  watts,  a.c.,  and  its  di¬ 
mensions  are  3  6/16  in.  wide,  3|  in. 


switches  are  equipped  with  6-in. 
calendar  dials  which  make  one  com¬ 
plete  revolution  every  7  days.  Dial 
trippers  can  be  independently  set 
for  different  daily  on  and  off  sched¬ 
ules.  Settings  can  be  made  in  ad¬ 
vance  for  an  entire  week.  Any  day 
or  days  operations  may  be  omitted 
entirely  on  a  pre-set  program. 
Days,  hours  and  half-hours,  day  and 
nights  are  distinctly  separated  from 
each  other.  Operations  from  on-to- 
off,  or  vice  versa,  can  be  set  three 
hours  apart  and  can  be  separately 
adjusted  throughout  each  24-hour 
day  in  the  week. 

Paragon  Electric  Co.,  39  W.  Van 
Buren  St.,  Chicago  6,  Ill. 


ohms;  audio  power  required  0.6 
watts  (+20  db)  ;  size  stylus  accom¬ 
modated,  i  in.  long,  0.0062  in.  di¬ 
ameter.  The  manufacturer  states 
that  a  recording  of  a  400-cycle  note 
was  made  at  a  recording  level  of 
+  18  db  (reference  0.006  watts)  to 
produce  a  stylus  velocity  of  2.6  in. 
per  second.  Playback  was  made 
with  a  dynamic  pickup.  The  overall 
distortion  including  cutterhead, 
amplifiers,  pickup  and  acetate  rec¬ 
ord  was  1.7  percent.  Distortion  is 
rated  at  less  than  1  percent,  400 
cycles. 

Fairchild  Camera  &  Instrument 
Corp.,  475  Tenth  Ave.,  New  York 
18,  N.  Y.  Multirange  Fluxmeter 

Model  F  multirange,  direct-read- 
rr<.  o  1.  ing,  fluxmeter  is  an  improved  in- 

strument  for  use  in  the  measure- 
For  timing  automatic  heat,  venti-  ment  of  magnetic  circuit  conditions 
lating,  lighting,  pumping  or  flush-  and  associated  tests.  Its  scale  length 
ing  operations  there  is  available  the  is  5.2  in.,  accuracy  i  percent.  The 
Paragon  700  Series  which  is  a  7-day  range  is  6  lines  per  sq.  cm.  to  30,- 
calendar  dial  time  switch.  These  000,000  lines  per  sq.  cm.  The  instru- 


high  and  2i  in.  deep.  A  resistor  or 
transformer  is  supplied  for  cir¬ 
cuits  of  higher  voltage.  Resetting 
is  accomplished  by  an  external  knob 
located  under  a  protective  cap.  The 
instrument  is  available  with  or 
without  reset  features.  It  is  sur¬ 
face  mounted. 

National  Instrument  Co.,  24C 
Walnut  St.,  Newtonville  60,  Mass. 
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ELECTRONIC  CORE.  OF  AMERICA 


45  WEST  18th  SIRIEI  •  NT\X  >0KK1I,N  \  U  AIklNS  9  IS'^O 


f  HTE  EiECTRdwC  CbkpbRATro^  OP-'AJMfcRiCA,  the  Army-Navy 
“E”  award  has  always  symbolized  all  that  is  good  in  American  indtis- 
try.  To  us,  it  means  that  labor  and  management  are  cooperating  for 
the  welfare  of  our  country.  It  means  that  Americans  of  different  races 
and  religions  are  working  together  in  harmony.  It  means  that  an 
abundance  of  creative  ideas  are  thoroughly  and  speedily  carried  out. 
Because  we  of  EGA  believe  in  and  practice  the  ideals  for  which  this 
award  stands,  we  are  extremely  proud  to-  aimounce  that  we  have 
received  the  coveted  Army-Navy  “E”. 


^ j  To  the  engineers  who  design  our  precision  electronic  equipment  and 

to  the  men  and  women  who  build  it ...  to  the  members  of  our  two  CIO 
unions  and  to  the  members  of  management — 
all  of  whom  have  given  their  best  during  these 
,  crucial  war  years,  the  Labor- Management 
Committee  of  the  Electronic  Corporation  of 
America  extends  heartiest  congratulations.  To 
our  suppliers  and  the  personnel  of  the  mili¬ 
tary  forces,  who  have  so  ably  and  diligently 
,  .  ^  .  assisted  us,  we  offer  our  sincere  thanks. 

We  shall  continue  to  keep  the  quantity  and  quality  of  our  war  pro-' 
I  duction  consistently  high.  And  when  the  war  exists  only  in  the  pages 

1  of  history,  we  shall  serve  the  people  of  this  great  country  with  the 

I  same  devotion  that  has  characterized  our  contribution  to  Victory. 


Jmt  PvMiahtdl  -A  fLAM  FOR  AMERICA  AT  PEACE.’"  A  mound  work- 
rhh,  rmmihtic  plan  tor  m  pomtwmr  world  of  abundano*  and  taaiing 
paaoa,  prapand  by  tba  Btactronio  Corporation  of  Aamrica.  WRITE 
FOR  rOVR  FREE  COFT. 


^NUF^tTURERS  OF  E  C  A  .  the  Radh  Man's  Radh 
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Wax  Dipping'Baths 

New  and  improved  electrically- 
heated  and  automatically-controlled 
wax  dipping-bathg  are  available 
which  permit  fast,  efficient  and  eco¬ 
nomical  wax-coatiag  of  coils,  re¬ 
sistors,  eapacitorsTT^aiMils  and  other 


to  which  your  communications  problems 
are  solved  may  determine  the  degree  of 
your  postwar  business  success. 


electrical  parts.  The  units  may  also 
be  used  to  wax-coat  packages  to 
guard  against  moisture  absorption. 
Bath  temperatures  can  be  adjusted 
from  100  to  660  deg  F.  The  baths 
are  built  to  order. 

Barnstead  Still  &  Sterilizer  Co.. 
Forest  Hills,  Boston,  Mass. 


Sound  Reproducer 

MoiWL  No.  HF-6  is  a  new  baffle- 
type  reproducer  unit  which  pro¬ 
vides  duo-directional  high  fidelity 
reproduction  of  both  voice  and 
music  for  plant  broadcasting.  The 
speaker  is  a  6-in.  permanent  magnet 
type  with  a  6-ohm  voice  coil.  It  de¬ 
livers  from  4  to  6  watts  of  output 
power,  and  is  especially  adaptable 


WRITE  NOW  FOR  •'CRYSTIONICS"  INFORMATION 


CRAFTSMANSHIP  IN  CRfSTALS  SINCE  I9SI 
HOLLISTON.  MASSACHUSETTS 


for  wide-angle  coverage  of  medium 
and  low  noise  level  areas.  A  bass 
compensation  circuit  progressively 
increases  the  bass  response  with 
each  decrease  of  volume.  The  unit 
measures  9  x  lOi  x  6i  in.  and  is 
suitable  for  desk  or  wall  use. 

Executone  Gorp.,  416  Lexington 
Ave.,  New  York  17,  N.  Y. 
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CYCLES  per  SECOND 

«0  50  lOO  t—0  i»«»0  H— B 


Here  is  one  of  the  new  things  to  come  from  Gates!  Our  engf- 
Deers  have  already  developed  and  approved  engineering  de* 
signs  for  this  transmitter  to  he  produced  as  quickly  as  the 
demands  by  the  military  on  Gates'  production  no  longer  exist. 
The  “BC-10”  may  be  used  for  either  5,000  or  10,000  watt  car¬ 
rier.  It  is  high  level  modulated  and  will  be  available  complete 
with  built-in  phasing  equipment. 

May  We  Send  You  Details  Regarding  the  Gates 
Priority  System  for  Prompt  Post-war  Delivery- 

(Wartime  restrictions  do  not  allow  the  sale  of  new  broad¬ 
casting  equipment  without  priority;  therefore,  this  equip¬ 
ment  is  presented  merely  to  acquaint  you  toith  Gates’ 
developments. ) 


RADIO  and 
Supply  CO. 

QUINCY,  ILLINOIS,  U.S.A. 


MANlTFACrriJSBIIS  OF  RAOIO  BROAOCAST  THAIWSMITTKRS,  SPERCH  KQL'IPMBNT, 
RBOORBiarO  APPARATVS  AIVB  ALLIEB  EQUIPMEUTT  IN  THE  ELEtTHONIC:S  FIELB 
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Best  Performance  in  VHP 

For  Airlines  —  Airport  Traffic  Control 
Police  and  Fire  Departments 


COMCO  RECEIVER 
MODEL  132 

Compact  VHP  crystal 
controlled,  fixed  fre¬ 
quency,  superhetero¬ 
dyne.  Single  channel 
reception;  5^-inch  re¬ 
lay  rack  panel  mount¬ 
ing.  12  tubes.  Frequen¬ 
cy  range  100  to  156  Me. 
Medium  and  low  fre¬ 
quency  receivers  also 
available. 


COMCO  TRANSMITTER 
MODEL  170 

Reliable  VHP,  50  watts  output.  Fre¬ 
quency  range  100  to  150  Me.  Cabinet 
sixe:  Width  23";  Depth  18";  Height 
48".  Comco  Model  127AA  Transmit¬ 
ter  also  available  for  operation  on  a 
frequency  range  of  200  to  550  kc. 

Comco  Engineers  have  pioneered  in 
the  development  of  VHP  equipment 
. . .  designed  for  ease  of  installation 
and  maintenance  .  .  .  ruggedly  con¬ 
structed  to  withstand  varied  climatic 
conditions  and  long  service  .  .  .  test- 
proved  through  three  years  of  war. 
Write  for  complete  details. 


COMMUNICATIONS  COMPANY.  Inc. 

Manufacturers  of  Radio  and  Fdectronic  Equipment 

CORAL  GABLES  — *7SVieo  34,  FLORIDA 


Literature - 

Permanent  Magnet  Manual.  “Pe."- 
manent  Magnets  for  Industry”  is 
the  title  of  an  8-page  booklet  which 
pontains  information  on  the  design, 
production  and  use  of  modern  mag¬ 
nets.  Contents  of  the  booklet  in¬ 
clude  such  subjects  as  magnet  ma¬ 
terials,  resistance  comparisons, 
physical  and  magnetic  properties, 
demagnetization  and  energy 
curves,  fabrication,  design  and 
testing.  Arnold  Engineering  Co., 
147  E.  Ontario  St.,  Chicago  11,  Ill. 

Radio  Transmission.  A  2-color 
illustrated  catalog  entitled  “Radio 
Transmission  Transformers”  lists 
specifications  and  other  essential 
data  on  plate  supply  transformers, 
both  air-cooled  and  oil  insulated 
types ;  filament,  high-leakage-re¬ 
actance,  interstage,  and  plate  modu¬ 
lation  transformers,  and  filter  re¬ 
actors.  The  Acme  Electric  & 
Mfg.  Co.,  Cuba,  N.  Y. 

Mica  Capacitors.  Mica  capacitors 
which  are  built  to  joint  Army-Navy 
Specification  JAN-C-6  include  the 
foUowing  CM  types:  20,  25,  30,  35, 
40,  45,  50,  55,  56,  60,  61,  65,  70,  76, 
80,  85,  90  and  95.  All  of  these  are 
listed  along  with  comparable  Solar 
types  in  a  35-page  Catalog  12- 
Section  J-1  available  from  Solar 
Mfg.  Corp.,  285  Madison  Ave.,  New 
York  17,  N.  Y. 

Television.  “Television  Comes  of 
Age”  is  a  booklet  which  has  been 
reprinted  from  an  article  in  The 
Nation,  written  by  Alan  Barth,  an 
editorial  writer  of  The  Washington 
Post.  The  article  deals  with  the 
post-war  prospects  for  television 
pictures.  It  is  available  from  The 
Columbia  Broadcasting  System, 
485  Madison  Ave.,  New  York  22. 
N.  Y. 

Temperature  Control  Units.  A  re- 
.  cent  issue  of  GR  Experimenter  con¬ 
tains  an  article  “Notes  on  the  De¬ 
sign  of  Temperature  Control 
Units.”  These  notes  deal  with  a 
type  of  temperature  control  unit 
often  used  to  control  the  tempera¬ 
ture  of  a  quartz  bar  or  plate,  for 
use  as  a  frequency  standard  or  fre¬ 
quency  monitor.  General  Radi* 
Co.,  275  Massachusetts  Ave.,  Cam¬ 
bridge  39,  Mass. 
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FOR  ALL 

TRANSMITTING  TUBES 


ANTENNAS 


CONDENSERS 


TUBE 

SOCKETS 


PLUGS 
&  JACKS 


INSULATORS 


Fom  the  miniatures  (such  as  the  IT  series  or  9000  series)  to  the  big  ones 
^such  as  204A.  833  or  889R)  Johnson  can  usually  supply  the  sockets.  Most 
Johnson  tube  sockets  have  been  designed  in  cooperation  with  the  tube 
manufacturers  and  many  of  them  were  actually  in  production  and  ready  for 
delivery  before  the  tube  was  announced.  This  explains  why  the  Johnson  line  is 
the  most  complete  and  why  Johnson  is  the  only  manufacturer  producing  many 
of  the  types. 

This  confidence,  cooperation  and  assistance  on  the  part  of  the  tube 
manufacturers  explains  too,  why  Johnson's  mechanical  and  electrical  design  is 
superior.  Both  the  Army  and  the  Navy  have  recognized  this  superiority  in 
Johnson  wafer  sockets  for  example,  by  specifying  both  the  ceramic  and  the 
contacts  used  by  Johnson. 

Quantity  production  and  economical  manufacturing  procedures  make 
Johnson  the  best  buy  on  the  socket  market  —  in  fact  the  price  is  usually  less 
than  that  of  poorly  designed  imitations. 

On  that  neyr  socket  requirement,  investigate  Johnson. 

Write  for  Catalog  968D 


JOHIVSOIV 


a  ^cm.ou6  name  In  IQ-adio 


INDUCTORS 


BROADCAST 

EQUIPMENT 


CONCENTRIC 

LINE 
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ROBERT  L  STEDMAN 


SPECIALISTS  IN.  MASS  PRODUCTION  TOOLS 

OYSTER  BAY,  LONG  ISLAND  NEW  YORK 


Technical  Monograph.  “L  o  u  d 
Speaker  Frequency  Response  Meas¬ 
urements"  is  the  first  publication 
of  a  series  of  technical  monographs 
to  help  the  amateur  and  the  profes¬ 
sional  in  the  field  of  acoustics. 
Each  publication  will  he  devoted  to 
one  important  asp^  of  the  science 
of  sound  as  applied  to  loud  speak¬ 
ers.  The  first  booklet  (available 
for  25c)  explains  how  one  can  use 
measured  frequency  response  as 
essential  data  in  development  and 
design  work,  and  describes  some  of 
the  equipment  and  methods  that 
may  be  used.  Technical  Service 
Dept.,  Jensen  Radio  Mfg.  Co.,  6601 
S.  Laramie  Ave.,  Chicago  38,  Ill. 


IN  PEACETIME,  Boonton  Radio  direct  reading  in- 
slruinenls  were  standard  €?quipment  for  the  Electronic 
Laboratory. 

IN  WARTIME,  these  dependable  instruments  are  <mi 
the  Front  Lines  safeguarding  and  protecting  our  fight¬ 
ing  men  against  Communication  Failures. 

POSTW  AR,  these  instrunienis  u'ill  again  be  atniUahle  for 
the  Eieetronic  Industrv^ontributing  to  the  deivlopment  of 
the  ]\ew  Era  of  Electronics  that  is  to  come. 


Altitude  Chambers.  Altitude 
chambers  for  controlled  tempera¬ 
ture,  humidity  and  pressure  are 
described  and  illustrated  in  a  12- 
page  booklet  which  contains  a  page 
of  general  specifications,  plus  in¬ 
formation  about  Models  AC-107, 
ACR-262,  AC-36,  2000V,  ACR-20, 
AC-8.  Parts,  instruments  and  ac¬ 
cessories  are  also  illustrated  and 
described.  Kold-Hold  Mfg.  Co.,  424 
N,  Grand  Ave.,  Lansing,  Mich. 


BOONTOr^ADIO 


R-F  Coils  and  Assemblies.  This 
manufacturer  makes  coils  for  every 
application  in  the  r-f  spectrum,  in¬ 
cluding  radar  and  television,  and 
has  issued  a  4-page  bulletin  entitled 
“Radio  Frequency  Coils  and  Asso¬ 
ciated  Assemblies”  as  introductory 
literature.  Stanwick  Winding  Co., 
Newburgh,  N.  Y. 


General  Products  Catalog.  Vari¬ 
able  capacitor,  plugs,  jacks,  in¬ 
ductors,  chokes,  terminals,  tube 
sockets,  couplings,  antenna  equip¬ 
ment  and  r-f  insulators  are  all 
illustrated  and  described  in  Catalog 
No.  968  available  from  E.  F.  John¬ 
son  Co.,  Waseca,  Minn. 


^  This  Now  Hg  Speeds 
^  Your  Radio  Assembly 


Another 

booklet,  available  from  this  manu¬ 
facturer,  is  entitled  “Johnson.. In 
War  and  Peace”  and  it  also  illus¬ 
trates  and  describes  the  types  of 
products  listed  above,  plus  the  par¬ 
ticular  catalogs  which  are  available 
on  these  products. 


1)  Can  be  onS  iml*adMl  in  tw* 

3)  liMl«x«d  360*  llxHtr*  t*  hold  chassis  in  any  pashion  to 
stop  up  saldoHng  and  all  athor  assamMy  oporatians. 

3)  Ad|vstahla  to  any  sixa  to  basa  limits  of  tha  Jig.  Camas 
in  voriaut  sUas  or  wa  will  maka  Jigs  to  yoor  chassis  or 
spocMcotians. 

4)  Sturdy,  rigid  constracHan.  ^ 

5)  Holding  adaptors  to  fit  yoor  chassis. 


Facsimile.  This  12-page  booklet 
is  designed  to  bring  about  a  better 
understanding  of  facsimile  and  its 
possibilities.  The  booklet  contains 
actual  reproductions  as  reproduced 
from  receiver  copy.  Radio  Station 
WELD,  Columbus,  Ohio. 
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SMALL! 


fUe&'t 

Su><tbivettA 


Don't 

handicap 
your  important 
designs  for  lack  of 
a  SMALL  electric 
switch 


JL^ECAUSE  of  its  unusually  small  size  and  light 
weight,  its  lightning-fast  snap  action,  and  its  long  life’, 
the  G-E  Switchette  is  becoming  more  and  more  popular 
with  designers  for  circuit  control  where  space  is  at  a 
premium. 

Switchettes  are  available  in  ratings  up  to  10  amperes 
at  24  volts  d-c  (230  volts  a-c),  are  provided  with  solder- 
lug  terminals  for  wiring.  They  meet  government  specifica¬ 
tions  covering  corrosion  and  vibration  resistance,  and 
operate  at  altitudes  up  to  50,000  feet  and  in  ambient 
t^peratures  from  200  F  to  —  70  F. 

More  than  200  modifications  have  already  been  de¬ 
veloped  to  meet  special  circuit  requirements  and  to  fit 
into  special  mechanical  arrangements.  Dimensions,  oper¬ 
ating  characteristics,  and  ordering  directions  for  standard 
Switchettes  and  many  typical  modifications  are  given  in 
our  new  catalog.  No.  GEA-3818C.  For  your  copy,  mail 
the  coupon.  If  you  don’t  find  the  forms  you  need  in  the 
catalog,  our  engineers  will  be  glad  to  work  with  you  in 
adapting  Switchettes  to  meet  your  requirements. 

GENERAL  0  ELECTRIC 

Buy  all  th*  BONOS  you  can — and  koop  all  you  buy 


#  Here’s  an  inside  view  of  the  tiny,  versatile 
G-E  Switchette,  enlarged  to  show  you  the  double¬ 
break  contact  construction,  which  makes  possible 
many  ingenious  wiring  arrangements  to  solve 
tricky,  circuit  problems.  This  is  a  standard  form 
for  controlling  one  normally  open  and  one 
normally  closed  circuit  Variations  of  this  ar¬ 
rangement  are  available  to  provide  control  of  e 
single  circuit,  either  normally  open  or  nonnally 
closed.  Other  modifications  include  a  form  for 
simultaneously  opening  two  circuits  and  closing 
one,  or  vice  versa;  also  single-break  forms  for 
more  sensitive  operation. 


SWITCHETTES 


OiNERAL  ELECTRIC  COMPANY,  SECTION  C674-141 
SCHENECTADY  S,  NEW  Y^K 

Please  send  me  Bulletin  GEA-3818C  giving 
dimensions,  ratings,  and  operating  characteristics 
of  Switchettes  " 
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f(INRES-CO 


25  AMITY  STREfT 
LITTLE  FALLS,  N.  J. 


flatinum  metals  scrap  ond 
rasidises  refined  and  ra* 
worked  on  toll  chorges;  or 
purchased  outright  by  us  . . . 

Write  for  list  of  Products. 
Discussion  of  fechnicol 
probloms  invitmd  .... 


Switches.  Catalog  MC  448  is  de¬ 
signed  to  simplify  the  selection  of 
this  manufacturer’s  multi-circuit 
switches  for  simultaneous  operation 
of  independent  or  interconnected 
electrical  circuits.  Twenty  stand¬ 
ard  contactors  are  listed.  Metallic 
Arts  Co.,  243  Broadway,  Cambridge 
39,  Mass. 

Tubes.  The  “1944-1945  Catalog 
and  Manual”  contains  full  informa¬ 
tion  on  all  tubes  manufactured  by 
this  firm,  as  well  as  some  of  the  new 
tubes  developed  for  war  uses.  Six¬ 
teen  pages  are  devoted*  to  tube 
characteristics.  Another  section  is 
devoted  to  pertinent  technical  in¬ 
formation  on  transmitters  and 
transmitter  tubes.  The  catalog  is 
available, .  without  charge,  at  local 
distributors,  or  may  be  obtained  at 
a  cost  of  25#  from  Taylor  Tubes, 
Inc.,  2312  Wabansia  Ave.,  Chicago, 
III 

Frequency  Modulation  Bulletin. 
This  is  the  name  of  a  bulletin  which 
is  published  as  source  information 
on  fm.  Volume  1,  No.  4  contains  an 
article  entitled  “FM  for  100,000,000 
Americans”  which  states  that  more 
than  150  of  the  210  applications  for 


M  P-2 


Thm  No.  90600  Sorios 
of  Absorption  Froquoncy  Motors 


Salfc  iiMxpamiv*  laboratory  and  protoctod 
tlwrdy  Sold  tyitat  of  Ibis  popwlor  torlos  of 
compact  diroct  rooding  boqyoncy  motor*  oro 
ovaHoWo  In  rongot  from  300  mogocyclo*  to 
300  Ulocyclot.  Can  bo  pohod  into  (mall 
tbiold  compartmonts,  coil  cons,  comors  of 
chassis,  otc.,  to  chock  harmonics;  parasMcs; 
oscHlotor  doohloi,  otc.,  tank  twning;  and  a 
host  of  othor  such  applications.  Quickly  on- 
ablos  tho  dosipn  onginoor  to  And  out  what  !• 
rooHy -gointi  on”in  a  circuit.  ' 


JAMES  MILLEN 


MFG.  CO.,  INC. 


MAIN  OFFICE  AND  FACTORY 


MALDEN 

MASSACHUSETTS 


0 


I  ^  ; 


typ«  p.l  and  a-4.  Him. 
trotod,  amphaslxa  Mia  low- 
cast  factor  Inhorant  In  cdl 
cmtam-dmisnad,  Meh-oc- 
corocy  IN-RtS-CO  rmlstors. 
Tyna  a-2  has  a  majclmuin 
rasistanca  of  500,000 
ohms,  standard  tolorcmco 
of  Va%,  Vs  watt  rating 
and  moasuros  9/16”  long 
by  9/16”  In  dlomotor.  Ty|m 
9-4,  also  non-lndactivo,  has 
a  moxlniwm  roslstonco  of  1 
mogohm,  momwrm  1”  long 
by  9/16”  In  dlomotor,  and 
has  1  watt  rating. 

Espodally  switod  for  procl- 
sIm  opgaratwt.  and  oqwip. 
mont  applications,  thoso 
typos  oro  roprosontotlvo  of 
tho  all-inclusivo  IN-RES-CO 
wtarowownd  rosistor  Hno. 
Horo,  onginooring  htgonu- 

Ity . phis  oxchisivo  momi- 

foctwrlng  tochniqwos  —  can 
moan  substantially  loworod 
costs  in  post-war  plannings. 
A  noto  on  your  company 
lottorhoad  WIN  bring  your 
copy  of  tho  now  IN-RES-CO 
catalog;  no  obligation. 


S  GMUND  COHN  &  CO. 


44  COLD  IT  t  NEW  YORK 


TYPES 
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WADSWORTH  SKILLS 


D 


r 


WADSWORTH 

FACILITIES 

Di«  Making 
Jigs  &  Fixturot 
Gag*  Making 
Modal  Building 
Milling 
Drilling 
Turning 
Stamping 
Screw  Machining 
Hard  Soldering 
Heat  Treating 
Line  Assembly 
Polishing 
Lacquering 
Photo  Etching 
Silk  Screening 
Product  Decorating 
Metals  Laboratory 
Engineering  Design 
Product  Design 

CURRENTLY 
SERVING  THESE 
INDUSTRIES 


•  •  •  built  up  through  half  a 
century  of  leadership  in  the  ex¬ 
acting  Watch  Gise  Industry  will 
be  available  soon  to  many  man¬ 
ufacturers  who  will  require  large 
quantities  of  small  precision 
parts  for  their  postwar  assemblies. 

Work  of  this  character  is  now 
being  supplied  to  many  leading 
companies  which  normally  pro¬ 
duce  radio  equipment,  refrigera¬ 
tors,  automotive  parts,  precision 
instruments. 

Illustrated  are.  nine  small  com¬ 
ponents  of  ah  Ordnance  assembly 
which  Wadsworth  furnishes  in 
great  numbers.  The  production 
of  tTiese  pieces,  which  are  held  to 
very  close  tolerances,  brings  a 
score  of  special  Wadsworth 
facilities  into  play. 

Wadsworth  workers’  feeling 
for  precision  and  their  ability 
to  get  work  out  on  time  will 
ease  postwar  headaches  for  many 
producers. 


Aircraft 
Automotive 
Bearing 
Electronics 
Instruments 
Machine  Tool 
SmaH  Arms 
Refrigeration 


SMALL  PARTS  DIVISION 


WATCH  CASE  CO.,  IM. 

DAYTON,  KENTUCKY,  SUBURB  OF  CINCINNATI,  OHIO 
PHONE  COLONIAL  1104  •  (CINCINNATI  EXCHANBE) 


★ 
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LUXTRON 

PHOTOCELLS 


Llillron*'  fNiol#-EWpint; 
C«IU  Op«iql»liislr«in«nts 
and  inttrdHnent  R#fays 
I  Without  Auxiliary  Vol- 
tagu  or  Amplification. 


BRADLEY 

LABORATORIES.  INC. 

'  I?  Mejljw  S'rti!  Hii?i  II  Ce«« 


BRADLEY 

LABORATORIES,  INC. 

tl  MeailO"  S'ree'  Ne«  H3*en  IP  Co"" 


fm  broadcast  stations  now  in  the 
hands  of  the  FCC  have  been  filed 
since  the  first  of  the  year.  The 
artfcle  further  states  that  a  com¬ 
parison  of  requests  for  new  broad¬ 
cast  services  reveals  that  fm  has 
maintained  a  3-to-l  ratio  over 
standard  broadcast  applications 
and  a  3i-to-l  ratio  over  television 
applications.  Three  pages  of  this 
4-page  bulletin  are  devoted  to  a 
geographic  listing  showing  fre¬ 
quencies,  coverage,  power  and 
'  transmitter-studio  locations^.  FM 
!  Broadcasters,  Inc..  711  Colorado 
I  Bldg.,  Washington,  I>.  C. 


w 

"COPROX”  MODEL  CX-2E4-A9,  nac- 
eonaected  and  BMuated  ia  tube  baae,  d^ 
tecta  phaae  differentiala  ia  A.C.  cunenta 
a^  ibaU  D.C.  poteatiala  applied  to  bal- 
aaeed  A.C.  dreuita.  Maxianim  4.5  voHa 
eootiouotts.  SbowD  here  in  actual  aiae. 


Phenol  and  Vulcanized  Fibre.  Data  ; 
and  information  for  the  correct 
specification  of  this  manufacturer’s  I 
phenol  and  vulcanized  Fibre  is  con¬ 
tained  in  a  6-page  leafiet.  N.  6. 
Baer  Co.,  9-11  Montgomery  St., 
Hillside,  N.  J. 

Plastics.  A  booklet  called  “Preci- 
sioh-Made  Plastics”  describes  and 
illustrates  the  many  t3rpes  of  pras- 
tics  products  which  have  been  fab¬ 
ricated  to  close  tolerances  by  The 
Sillcocks-Miller  Co.,  South  Orange, 
N.  J. 


JONES 

BARRIER  STRIPS 

SOLVE  MOST  TERMINAL 
PROBLEMS 


No.  1S1 


A  compoci,  sturdy  terminal  strip  with 
Bakalite  Barriers  that  provide  maii* 
mum  metel  to  metel  spacing  end  pre¬ 
vent  direct  shorts  from  frayed  wires 
at  terminals. 

6  SIZES 

cover  every  requirement.  From 
wide  and  L3/32"  high  with  S-40  screws 
to  21/2"  wide  and  l'/|”  high  with 
*/l"-28  screws. 

Jonas  Barrier  Strips  will  improve  as 
well  as  simplify  your  electrical  intre- 
connecting  problems.  Write  today 
for  catalog  and  prices. 

HOWARD  B.  JONES  COMPANY 

2440  West  Gaorg*  StrMt 
CHICAGO  IB  ILLINOIS 


_  .j-*6lder«d 
pravant  ovaihaoting 
_.ja«ib}y.  Standofd  onits 
with  swolafpfoof  iocqpfatt.- 
oHicat-a^iciiHoii  units-  p^ao 
in  wax.  Stcmdord  “patiats”  gold 
cootad  Aroirt  swnoca,  formlno 
posIHva  contoctr  for  critical  op- 
pikollens,  gold  usad  on  boro 
sidot.  taokoga,  but  vary 

low  focvord  fflitit^a.  Highly 
odoptabla  moun^iGi. 

To  riiaM  axfros,  <Kld  Brodlay’t 
obilHy  to  produca  **Coprox”  rac- 
Hfiars  for  spaciot  applicoHont, 
than: 


'  thair  high-afRdancy  eonvarsfon 
of  iHdri  anargy  into 
powar,  parmiH  oppHcotions  in 
ipaot  variaty. 


Butt:  and  compiaxiHas  ora  mini- 
mizad.  Wor  cqHtilcarimii  tia- 
pran  thair  dapaadobilHy  «md 
I  durobilitydaity. 

I  Luxfron*  Photocatl/^ora  wholty 
I  Amarkon  in  both  watariob  ond 
I  moaufactum. 


^  Send  for  iHutlrated.  engineerino 

/  tirerotvre  and  fet  wt  co-openate 

with  you  on  soecioi  profalerM 
and  ooialicatiom. 

...  ^eu.  U  S.  Pot.  0». 


I  :f  X  t 

;  I  •  ■  g  •  r  LHa 


Thk  flictail-couUet 
nvidrl  is  only  one  of 
s  Mries  of  mounting 
and  indicstts  onb 
one  of  the  complete 
;e  of  Luxtron* 
shspei  sod  rises 
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THE  400  SERIES 


^^^^esigned  to  occupy  minimum  space 
with  excellent  frequency  response,  the  400 
Series  Input  Transformers  are  intended  for 
high  qualify  amplifier  requirements.  Com¬ 
bines  high  permeability  shield  with  rotatable 
strap  mounting  for  minimum  stray  field  pick¬ 
up.  Equipped  with  10""  Surprenant  color- 
coded  leads.  2""  center  to  center  mounting, 
1  Vi ""  O.D.  X  214""  high.  Baked  gray  enamel 
finish.  Available  for  immediote  delivery. 


TYPE  401-A  INPUT  TRANSFORMER 

30/250/600  ohms  to  30,000  ohm  secondary  center 
tapped.  Maximum  operating  level  “^10  V.U.  at  .001 
milliwatt  reference  level. 


nPE  400-C  BRIDGING  INPUT  TRANSFORMER 

Nominal  impedance  600 /,1 5,000  ohms  to  60,000  ohm 
secondary.  With  proper  input  circuits,  input  impedance 
range  0/25,000  ohms.  Maximum  operating  level  'i~10 
V.U.  at  .001  milliwatt  reference  level. 

TYPE  402-A  INPUT  TRANSFORMER 

Nominal  30/120  ohm  primary  to  50,000  ohm  second¬ 
ary.  Input  impedance  range  0/250  ohms.  AAoximum  op¬ 
erating  level  +10  V.U.  at  .001  milliwatt  reference  level. 


The  Langeviti  Companu 

INCORPORATED  * 


SOUND  REINFORCEMENT  AND  REPRODUCTION  ENGINEERING 


NEW  YORK  SAN  FRANCISCO  LOS  ANGELES 

37  W  65  St.,  23  1050  Howard  Si.,  3  1000  N  Seword  Si  38 


Frequency  response  characteristics  as  usually  expressed  for  input  transformers  of  wide  frequency 
response  are  not  complete  due  to  variables  in  circuit  constants.  Therefore  we  have  prepared  an 
engineering  bulletin  illustrating  exact  operating  measurements,  which  is  available  upon  request. 


N.  S.  BAER  COMPANY 


CPAFTSvEN  IN  FIBRE  fabrication 
9-11  MONTGOMERY  ST.,  HIUStDE,  NEW  JERSEY 


WIRE  COMPANY 


15  Pork  Row.  NewYotk  Cily.  NcwYork 


Fungus  Proofing  Booklet  “Fun¬ 
gus  Proofing  for  the  EUectronics  In¬ 
dustry”  is  the  name  of  a  booklet 
which  tells  about  this  manufactur¬ 
er’s  t3T)€8  (25-A,  26-X,  200-T,  96-T, 
85-T)  of  fungus-proofing  material. 
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Whether  you  need  rugged,  stur¬ 
dy  dependability  for  today's 
battle  conditions— or  designing 
foresight  for  tomorrow's  sales 
markets  —  Winco  can  help  you 
with  special  rotary  Electrical 
Equipment.  Our  engineers  ore 
at  your  service.  Consult  them 
when  you  have  a  problem  in¬ 
volving — 

•  Biilt-in  md  Shell  Ty|^ 
Motors 

•  Adjistable  Speed  Motors 

•  Syichroiois  Motors 

•  Rotary  Electrical  Eqiip- 
neat  for  Aviatioa 

•  Dyianotorsaidlaverters 

•  Motor  fieierator  Sets 

•  Railroad  Car  Ligbtiag 
Reaerators 


NEW  BOOKS 


Electrical  Essentials  of  Radio  ? 


By  Morris  Slurzberc  and  William 
OSTERHELU,  McGraw-HiU  Book  Co., 
S30  Vf.  ^i?ND  St.,  New  York  18,  530 
pages,  price  $U. 

Students,  as  young  as  high  school 
age  with  limited  mathematical  back¬ 
ground,  can  obtain  an  understand¬ 
ing  and  solid  foundation  of  elec¬ 
trical  principles  from  this  book 
either  at  home  or  with  classroom 
instruction.  The  questions  and 
problems  at  the  end  of  each  chap¬ 
ter  are  designed  to  increase  famil¬ 
iarity  with  the  subject. 

The  material  is  covered  in  an  in¬ 
teresting  manner  with  many  help¬ 
ful  illustrations.  Its  orderly  jg*- 
rangement  is  particularly  note¬ 
worthy.  The  opening  chapter  gives 
an  inspirational  overall  picture  of 
communication  down  through  the 
ages,  finally  bringing  out  the  im¬ 
portance  of  a  knowledge  of  electric¬ 
ity  for  present  communication 
methods.  This  is  followed  by  a 
chapter  on  the  fundamentals  of 
electricity,  then  by  chapters  dealing 


ELECTRICAL  EQUIPMENT 

WIMCHARCER  CORPORATION.  .  .  SIOUA  CITT.IOWA 


DUPLICATING  and  PROFILING 

AUTO  ENGRAVER 

Accurate  Engraving 
with  Unskilled  Operators 

UnskilUd  oparaton  will  profile  or  accurately 
reproduce  in  imooth  lines  any  design,  num¬ 
ber,  letter,  emblem,  signature;  on  iron,  brass, 
copper,  aluminum,  soft  steels  and  all  plastics. 
Hera  are  some  of  its  other  uses  .  .  . 

•  Drills  a  series  of  holes,  or  profiles  small 
parts. 

•  Cuts  an  even  channel  for  wiring  on  panels. 
Increases  accuracy  and  production, 

•  Works  from  original  drawing  or  templates. 

•  Etches  glass  and  similar  items. 

•  Will  not  cause  distortion. 

For  complete  information  on  this  end'  other 
models  and  prices  write  Dept.  K. 


AUTO  ENGRAVER  CO. 

1776  BROXDWAy,  NEW  YORK  19 
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You  can  count  on 
Wincharger  Anten¬ 
na  Towers.  They 
combine  strong  effi¬ 
cient  coverage  with 
built  to  last  quali¬ 
ties  that  insure  you 
years  of  service. 

Add  to  these  ad¬ 
vantages  their  strik¬ 
ingly  attractive  ap¬ 
pearance  plus  a  sen¬ 
sationally  low  initial 
cost  and  it's  easy  to 
see  why  an  ever  in¬ 
creasing  number  of 
Wincharger  Anten¬ 
na  Towers  are  being 
used  for: 

Commercial  Bromkdstmg 
PoUce  Work 
Signal  Corps  Ak  Liaos 
Ordamco  Phots 

To  be  sure  for  years  ahead 
—be  sure  to  specify  Win¬ 
charger  Antenna  Towers. 


WlRCHUGEI)VERTICilLRllDlllII}l 


RfINCRAIUI  CMPMATM 
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NeveaAer  fMd  >- ELECTRONICS 


Jo  thf  desitfun  titiJ  tihiniifthiurer  of  riectrical 
products  this  plttslic  detrlopineiil  story  should 
proiy  of  utiustuil  interest  hecouse  it  is  indkti- 
tive  oj  the  tremaidous  process  u'hkh  the 
eleclrktil  manujactunn^  industry  is  makini) 
through  the  intelUtfent  iipplimtion  oj  plastics 

fulfill  the  need  for  devices  which 
could  stand  temporary  overloads  and 
which  could  be  put  immediately  back 
into  operation,  reclosing  the  circuit 
without  replacing  any  parts,  the  Trum¬ 
bull  Electric  Manufacturing  Company 
has  produced  a  line  of  circuit  breakers 
for  light  and  power  distribution  boards, 
switchboards,  and  various  types  of  in¬ 
dustrial  control. 

The  development  of  the  ATA  Circuit 
Breakers  for  Trumbull,  as  is  the  case  in 
the  successful  development  of  all  plas¬ 
tics  products,  centered  around  (1)  the 
product  designer, (2)  the  custom  molder, 
and(3)the  manufacturer  of  plastic  mold¬ 
ing  compounds. 

In  this  particular  instance,  the  problem 
faced  was  unusually  difficult  because 
of  the  complex  nature  of  the  construc¬ 
tion  and  the  stringent  requirements  for 
electrical  resistance  and  ruggedness  in 


for  assembly  of  internal  mechanisms. 
•Metal  inserts,  holes,  sections,  ribs,  and 
cut-outs  are  molded-in,  simplifying  con¬ 
struction  to  an  amazing  degree. 

Next  came  the  careful  selection  of  a 
plastic  molding  compound.  For  this 
purpose,  a  Durez  phenolic  compound 
was  chosen  because,  in  addition  to 
possessing  exceptional  electrical  prop¬ 
erties,  its  versatility  extended  to  other 
needed  qualities  such  as  impact  strength, 
moisture  resistance  and  moldability.  J 
plastic  that  Jits  tl)e  job 
The  unusual  versatility  of  the  more 
than  300  Durez  phenolic  molding  com¬ 
pounds  has  made  their  use  practically 
universal  throughout  industry.  As  a  re¬ 
sult  of  this  usage  Durez  laboratory 
technicians  have  gained  a  wealth  of 


MBULL  TYPE 
_ UIT  BREAKER 


.  •  another  interesting  plastic  developniplTt^^^fbry 


xperience  which  embrace's  practically 
every  field  of  endeavor. 

Add  to  this  extensive  background  the 
most  modem  methods  of  research  and 
you  can  readily  appreciate  the  value 
which  their  assistance  has  to  the  pro¬ 
duct  designer  and  custom  molder. 

You  may  be  assured  of  the  utmost  co¬ 
operation  of  the  Durez  staff,  at  any 
time,  in  helping  your  product  designer 
and  custom  molder  work  out  any  ma¬ 
terials  problem  which  you  may  have. 
Durez  Plastics  &  Chemicals,  Inc.,  811 
Walck  Road,  North  Tonawanda,  N.Y. 


the  material  used. 

As  the  first  basic  step,  a  mold  design 
was  worked  out,  so  ingenious  that  the 
circuit  breaker  case  comes  from  its 
mold  (compression  molded  by  the 
Watertown  Manufacturing  Company) 
as  a  finished  product,  smooth  and  ready 
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ANDREW  CO. 

363  East  75th  Street 
Chicago  19,  Illinois 


ELECTRIC 


PLANTS 


AMO  LIGHT  FOt  iVE«T  MIIO 


with  particular  phases  of  electric¬ 
ity:  batteries,  electric  circuits  ard 
their  computation,  and  magnetism. 
Two  chapters  describe  electrical  in¬ 
struments  and  their  operation,  and 
the  application  of  electricity  in  mo¬ 
tors,  generators  ai^  tiansformei  s. 
In  preparation  for  the  final  chapter 
on  basic  radio  circuits  and  reson- 
nance,  the  book  devotes  three  chap¬ 
ters  to  inductance,  capacitance,  and 
alternating  current  circuits.  It 
should  be  emphasized  that  this  book 
adheres  rigidly  to  the  scope  implied 
by  its  title,  and  hence  no  complete 
practical  radio  circuits  are  given. 
Miscellaneous  information  and  ta¬ 
bles  are  given  in  a  32-page  ap¬ 
pendix. — M.O.V. 


M)luikm  of  your  special  pri>blems  in  the 
field  of  directional  antenna  equipment : 

•  Phasing  networks  and  equipment 

•  Antenna  tuning  units 

•  Remote  reading  antenna  ammeters 

•  Phase  monitors 

•  Coaxial  transmission  lines  and 
accessories 


•  Let  us  know  noif  your  requirements 
and  specifications  for  phasing  omJjmm- 
img  gear  for  your  directional  antenna. 
Andrew  custom  built  equipment  will 
again  become  available  as  soon  as  Uncle 
Sam  releases  our  engineering  and  man¬ 
ufacturing  ^facilities  from  production 
for  war: 

This  release  may  come  at  any  moment. 
Be  sure  that  your  needs  are  listed  at  the 
top  of  our  peace-time  back-log.  The 
planning  you  do  now  will  speed  your 
own  reconversion  to  the  new  high 
standards  of  the  future. 

Andrew  engineers  will  gladly  apply 
their  years  of  skilled  experience  to  the 


Coiimiunicatioii  Circaits 

By  L.  A.  Ware  and  H.  R.  Rkbd,  State 
Univertity  of  Iowa,  John  WiUy  and 
Song,  New  York,  2nd  ed.,  19 .1.10 
payee,  price  $S.SO, 

To  THOSE  WHOSE  primary  interest 
is  in  filters,  transmission  lines,  four 
terminal  networks,  and  wave  guides, 
this  book  should  fill  the  require¬ 
ments  for  an  analytical  treatment 
of  these  topics.  It  is  written  to 
serve  as  first-course  material  for 
those  interested  in  communication 
engineering,  but  a  knowledge  of 
Maxwell’s  equations  and  Bessel 
functions  is  necessary  for  an  un¬ 
derstanding  of  all  parts  of  the  text. 

The  subject  matter  is  divided  into 
the  following  broad  topics :  net¬ 
works,  transmission  lines,  filters, 
impedance  transformation,  and 
wave  guides.  One  chapter  is  de¬ 
voted  to  transmission  line  experi¬ 
ments,  and  there  are  nine  append¬ 
ices  of  mathematical  character. 
Throughout,  emphasis  has  been 
placed  on  the  concepts  at  extremely 
high  frequencies. 

Three  chapters  on  wave  guides 
constitute  the  largest  section  de¬ 
voted  to  a  single  topic.  The  first 
chapter  lays  the  general  ground¬ 
work  and  physical  interpretation  hf 
wave  guides  in  general.  The  re¬ 
maining  chapters  deal,  respectively, 
with  rectangular  and  cylindrical 
wave  guides. 

Chapter  XV  outlines  the  elei’tro- 
magnetic  theory  of  coaxial  lines.  In 
Chapter  XVI  will  be  found  a  brief 
outline  of  a  dozen  experiments 
which  may  be  made  on  wave  guides 
and  transmission  lines.  Problems 
are  provided. 

Since  the  volume  emphasizes 


FOR  ANY  JOB 
—ANYWHERE 


“Modsls  rang*  iMm  MO  t« 
M4M0  wotto.  A.C.  type*  from 
111  to  660  Tolto;  SO,  60.  160 
cydoo.  dad*  ee  throo-phoM: 
400.  600.  and  600  cydo.  dngU 
phoao;  alao  spodol  froqnondM. 


D.C.  typot  rang*  from  6  to 
4000  TOllB. 


Dual  vollago  types  available. 


Write  for  engineering 
OMistonce  or  detdled 
Uteroture". 


3257  Royolston  Ave. 
Minneapolis  5.  Miim, 


D.  W.  ONAIV  &  SOXS 
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Two  kinds  of  experience  went  into  the  formulation  of  our  postwar  plan. 

1  Our  Customors’  Exparianca  with  our  wartime  services.  So  far 
as  we  can  determine,  it  has  been  thoroughly  satisfactory.  Our 
prewar  customers  called  upon  us  for  stepped-up  quality  and 
quantity  in  communication  and  electronic  specialties  for  war¬ 
time.'  We  met  that  demand  promptly. 

Many  new  customers  who,  before  the  war,  manufactured  all 
parts  of  their  equipment,  placed  their  problems  in  our  hands. 
We  believe  that  their  experience  will  point  to  the  continued  use 
of  our  facilities  after  Victory. 

2  Our  Own  Experianca  with  wartime  production  has  been  tre¬ 
mendous.  No  one  can  say  whether  the  past  three  years  have 
been  worth  six,  twelve  or  twenty  years  of  normal  peacetime 
experience.  But  the  fact  is  clear  that  it  has  helped  us  develop 
production  “muscles”  that  enable  us  to  carry  greater  loads 
than  ever  before. 


So,  based  upon  our  customers’  and  our  own  experiences,  we  have  a 
very  simple  postwar  plan.  It  is  to  continue  to  serve  our  host  of  cus¬ 
tomers  with  our  facilities,  skills  and  experience  in  producing  equip- 
ment  to  meet  their  specialized  needs  for  performance,  quality, 
quantity  and  low  cost.  We  are  confident  that  our  customers’  wartime 
experiences  assure  us  a  sound  future 

THE  F.  W.  SICKLES  COMPANY  •  CHICOPEE,  MASSACHUSEHS 


SOME  SICKLES 
FIRSTS 

1'.  1933— Dual  AAko 
Triflimers* 

2.  1936 — Silver  Cop  Con¬ 

densers* 

3.  1940— low-loss  “Ripple” 

Loops* 

4.  1941— Midget  I.F.  As¬ 

semblies 

5.  194V-^-More  Coming 

*  PatmiM 


4  IRON  CORES 

Used  wherever 


Thousands  of  FERRO- 
CART  cores  are  serv¬ 
ing  e£Fectively  and  ef¬ 
ficiently  wherever  per¬ 
formance  counts.  Used 
by  leading  manufac¬ 
turers  of  communica- 
don  and  electronic 
equipment,  especially 
in  radio  receivers  and  transmitters,  even  at  ^ 
ultra  high  frequencies,  particularly  for  R.F. 
and  l.F.  coils,  and  R.F.  filters.  Each  core  is 
precision-made  of  the  finest  materials  and 
rigidly  tested.  Molded  .  .  .  light  .  .  .  uni¬ 
form  permeability.  Our  engineering  staff  of 
core  specialists  and  laboratory  facilides  are 
available  for  helping  to  meet  your  specific 
requirements. 

FERROCART  CORPORATION  OF  AMERICA 

PUhA  ome  U6orafwr:  HASTINOS-ON-HUDSON  A,  NEW*  YORK 

InAlaiiavolU:  IM  E.  Mi  8t..  Qaeiuar  Bros.  Jenkintown,  Pa.:  P.  0.  Bax 
24«.  0.  M.  HHIIarA.  Maatreal:  m  St.  Jama*  St..  Wait,  W.  T.  Hawaa. 


"ormance 

counts 


THE  BOOTS  SELF-LOCKING 
RADIO  ANCHOR  NUT  SIZE  NO.  6 
BspBcMIy  for  Radio 
and  llactranic  Rraducta 

A  giant’s  nip  is  packed  into  this  tiny, 
(»e-piccr  Boots  Self-Locking  Nut.  Heltl 
by  its  all-metal,  built-in  lock,  it  can't 
snake  loose  even  under  the  severest  vi¬ 
bration.  You  can  use  it  over  and  over 
again.  Unaffected  by  heal  changes  or 
corrosion.  Makes  assembly  and  main¬ 
tenance  simpler. 

Hof  thoBo  pivs-valuoi  in  a  toot*  Not— 

•  Saves  space— tiny  but  sturdy— a  help 
to  smart,  compact  design. 

•  Will  not.  vibrate  lo«>se. 

•  Easier  to  apply  than  a  clinch  nut. 

•  No  threads  distorted  —  no  punch 
needed. 

•  Permits  flush  surface  on  op|iosile  side 
without  chamfering. 

Motion  picture— “All  Work  And  No  Play”— 
16  mm.  xound — 30  minuir*. 

For  infornation  write  Dept.  A-7 

Boots  Alrcrsft  Nut  Corporation 
Ganarai  Officos  Now  Canaan,  Conn. 

Srpraseotofivas  m  NawVort  .  Ohco^o  .  Datro/t  •  tnd'onopolii  .  lot  Angelas  .  IConsos  C'ly «  0o//o$  .  Tofonte  .  Mon'rac/ .  Voncouvar 


SSLP-LOCKING  NUTS 


u-h-f  techniques  and  principiet, 
it  should  be  a  welcome  addi¬ 
tion  to  the  library  of  anyone  work¬ 
ing  in  that  field.  However,  the 
omission  of  any  treatment  of  vac¬ 
uum  tubes  and  of  lumped  circuits 
precludes  it  from  serving  all  engi¬ 
neering  needs  of  the  communica¬ 
tion  engineer. — B.D. 


Shop  Job  3heet8  in  Radio 
Book  II — Service  Problems 


By  Robert  N.  Auble,  The  Macmillan 
Co.,  New  York,  1X8  pages,  11x81 
in.,  paper  covers  punched  for  stand¬ 
ard  binder,  price  $1.50. 


Twenty-five  job  sheets  are  pro¬ 
vided,  similar  in  format  and  de¬ 
signed  as  a  follow-up  to  the  radio 
fundamentals  covered  in  Book  I  (re¬ 
viewed  in  August  1944  Elec¬ 
tronics).  The  first  five  job  sheets 
cover  testing  radio  resistors,  con¬ 
densers.  transformers,  filter  chokes, 
and  vacuum  tubes.  The  next  three 
are  lessons  in  the  construction  of  a 
power  supply,  a  high-gain  audio 
amplifier  stage,  and  a  power  ampli 
fier  with  phase  inverter  driver.  One 
job  is  an  overall  test  of  an  audio 
amplifier.  There  are  nine  jobs  deal 
ing  with  the  superheterodyne  re 
ceiver.  The  last  seven  of  the  job 
sheets  deal  with  transmitters  and 
cover  the  Hartley  oscillator,  elec 
tron-coupled  oscillator,  quartz-crys 
tal  oscillator,  radio  -  frequency 
amplifiers,  frequency-doubler  cir¬ 
cuits,  the  power  supply,  and  modu 
lation. — J.K. 


a  a  a 

Books  Received  for  Review 


maintenance  and  8F.RVI(:iNtJ  OK 
BLECT'RICAL  INSTRUMENTS.  By  Jhiiw- 
8p«nc«r;  edited  by  Major  M.  F.  Behar,  prlitor 
of  Irutrumentt.  The  Instnunents  PublishiiiK  <*•>■ 
Idv.,  Pittsburgh,  1944,  9M  pages,  $3.00.  Ks 
print  of  serialii^  artidea  pwdiahed  since  Aur 
1041  in  InstrumenfB  macaiine;  practical  snd 
Well  illustrated. 


METHODS  OK  ADVANCED  CALCl’t.US.  By 
Philip  Franklin.  McGraw-Hill  Book  Co.,  Inr. 
New  York  18,  1944,  480  pagea,  $4.50.  Arrmurd 
for  use  as  college  teat,  but  suitable  for  reference 
or  aelf-stu<^  by  practicing  engineers.  Co'i'o 
partial  derivatives  of  implicit  functions 
Jacobian.'.,  vector  notation,  Fouriw  siialysis, 
calculus  of  variatione,  Beseel  functions  and  re' 
lated  topics. 


TECHNIC  OF  ELECTROTHERAPY.  By 
L.  Osborne  and  H.  J.  Holmquest.  Charles  C. 
Thonuus  Publisher,  Springfield,  Ill.,  19M,  780 
pagM,  $7.50.  Medical  electronics  and  elect, ricity, 
present^  essentially  as  taught  to  classts  for 
physicians,  medical  students  and  technicians  it 
Northwestern  University  Medicsl  School.  Di¬ 
vided  into  four  major  sections:  Effects  and 
technical  application  of  direct  current;  elec¬ 
trical  muscle  stimulation,  with  new  technic  for 
stimulating  vocal  cords;  radiation — physics  and 
application,  both  heat-producing  and  ultra¬ 
violet;  high-frequency  currents,  occupying  over 
half  the  Ixsik  and  covering  circuit  theoO'- 
generation,  guuerul  diathermy  applications  and 
surgical  diathermy  indiidmg  eleetr^essieatina, 
electrocoagulation  and  eleetrocutting. 


DIRECT  rr BRENT  CIRCUITS.  By  E. 
At.  .Moii-i'iM'k.  Uirper  A  Brothers,  New  Y 


ork 
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F.  LACQUER 


RHIZOPUS 

NKMICANS 


ASTfROlUUS 

MOCR 


CNAETOMIUM 

OlOBOSUM 


•  •  •  Provides  Dependable  Protection  For  Communication 

And  Electrical  Equipment  Against  FUNGI 


Our  armed  forces  fight  on  many 
fronts  in  this  global  war,  but  in 
some,  notably  in  Burma  and  the 
South  Pacific,  they  must  ofteif  face 
another  insidious  foe — the  ever* 
present  mold  and  fungus  growths 
that  impair  the  successful  operation 
of  radio,  electronic  and  electrical 
equipment. 

Manufacturers  of  such  war  ma¬ 
teriel,  disturbed  by  this  dangerous 
field  interference  to  their  carefully 
built-in  factory  precision  perform¬ 
ance,  came  to  us  with  their  problem. 
After  months  of  experimentation, 
our  chemists  found  the  ideal  fungi¬ 


cide  to  blend  with  Q-Max  A- 27 
H.F.  Lacquer,  the  outstanding  di¬ 
electric  coating  material.  Other 
fungicides  had  failed  because  they 
interfered  with  electrical  charac¬ 
teristics  or  caused  corrosion 
of  metals. 

Now  Tropicalized  Q-Max  A-27 
H.F.  Lacquer  offers  dependable  pro¬ 
tection  against  all  fungi  illustrated 
on  this  page,  the  prevalent  types. 
No  mixing  is  necessary,  for  Q-Max 
is  blended  at  the  factory  for  you. 
Just  look  for  the  word  TROPI¬ 
CALIZED  on  the 
Q-Max  label. 


O-MAX  DIVISION 

CcfHim444ucSlticn 

PRODUCTS  jfflp^COMPANY,  INC. 

744  BROAD  STROT  NiWARK,  N.  J. 


COMPANY,  INC. 

NiWARK,  N.  J. 


C*axM  Trantmictien  LIim  A  FHtinec  •  Storiing  SwMcIms  •  AHl»-Dry«if« 
Antoiina  A  RaAtaWng  SytNnra  •  O-Max  A-27  Radio  Froqwoncy  lacqoor 
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DRAKE  MANUFACTURING  CD 


1713  WEST  HUBBARD  ST.,  CHICAGO  22,  U.S.A 


Built-In  Resistor  Adapts  this 
Drake  Assembly  for  use  with 
No.  N.E.51  NEON  Lamps. 


The  drake  $00  Series  Dial  Li^t  Assemblies 
are  ideally  suited  for  use  with  llOV  NEON 
Lamps,  when  equipped  with  a  built-in  resistor. 
Their  many  fine  features  have  made  the  500  Series 
a  favorite.  In  fact,  millions  havo  boon  used  .since 
(hey  were  first  introduced  in  Mardi  1940!  As 
world’s  largest  exclusive  producer  of  Dial  and 
Jewel  Pilot  Light  Assemblies,  DRAKE  facilities 
and  long  spedalired  experience  assures  top  qualit> 
and  speedy  deliveries  in  any  quantities.  If  you  have 
a  dial  or  jewel  light  problem  submit  it  to  our 
capable  engineers.  Should  a  standard  type  prove 
unadaptable,  they’ll  design  and  build  a  special 
type  for  your  particular  need.  The  Drake  catalog 
contains  a  wealth  of  information  on  a  big  line  of 
Pilot  Light  Assemblies.  Do  you  have  a  copy? 


TODAY  In  WAR ..  TOMORROW  In  PEACE 


On  mile-a-minute 
PT  boats,  as  on 
hurtling  jeeps, 
rumbling  tanks, 
aunphibian  tractors 
and  "walkie- 
talkies”,  Brach 
Antennas  are  doing 
their  part  in  the 
vital  task  of 
communications. 
Today,  our  entire 
output  goes 
exclusively  to  the 
nation’s  armed 
forces — on  land,  on 
sea,  and  in  the  air. 
But  after  the  war, 
for  the  best  in  radio 
antennas  and 
accessories, 
remember  the  name 

—BRACH. 


18,  1044,  887  pages,  $8.88.  For  um  in  teehn-enl 
institutes,  junior  eoUegw,  iadustrisl  sad  aKt«. 
sion  schools.  Questions,  prohieme,  Isb  ssperi. 
ments.  Eaementsry  eireuits,  magnetism,  insti-i- 
luents  and  measurements,  power,  eonduehn. 
batteries,  Kirchhoff’s  laws,  ma^netie  eireuitt, 
d-o  motors  and  generators,  eapaeitors  and  dee. 
trostatio  fields. 


THERMIONIC  VALVE  CIRCUITS.  Bjr  Smcys 
Williams.  Sir  Isane  Pitman  A  Boos,  Lidw  Loo- 
Uoa,  1944  ,  207  payee,  tib  id.  Second  sditioB. 
Theory  of  operation  and  dmign  of  tharatit.oir 
tube  eircuita,  primarily  for  thud-year  daetricsl 
engineering  students,  with  new  matarial  in  this 
edition  on  f-m  eircuita.  gaseous  tubes,  time 
bases,  multivibraton,  eatnode  followers  and  v-t 
vidtmeters. 


MARINE  RADIO  MANUAL.  Edited  by  M.  H 
Strieharts.  Comdi  Marttims  Prsas,  New  York 
11,  1044,  518  pages,  $4.00.  Ons-voluins  guide  for 
beginners,  students  and  sxpsrienoed  radio  opera¬ 
tors,  eovering  operation,  maintenanee,  rapair, 
laws,  regulations,  radio  nav^ticn,  code,  dgrisli, 
calls,  auto-alarms,  bookkeeping,  sample  massage*, 
radio  madieal  aid. 


INTERNATIONAL  TSLBCOMMUNICA- 
llONS.  By  Osborne  Manee.  Oxford  Ui^er- 
sity  Press,  New  York  11,  1944,  90  pages,  paper 
cover,  81.00.  Diacuaaion  of  problems  of  1^  II 
years,  witli  suggestions  for  handling  some  of 
the  present  unsolved  international  communic-a- 
tions  problems. 


RADIO-FUNDAMENTAL  PRINCIPLES  AND 
PRACTICES.  By  F.  E.  Almstead,  K.  E.  Davit 
and  G.  K.  Stone.  McGraw-Hill  Book  Co.,  Ine., 
New  York  18,  1044,  219  pages,  81.80.  Founda¬ 
tion  training,  for  high-aehool  daaeee,  srsning 
classes  for  adults,  and  Armsd  Foroea  schools. 


MEET  THE  ELECTRON.  By  David  Grimes 
Pitman  Publishing  Corp.,  New  York  10,  1944, 
120  pages,  82.00.  The  story  of  20  yean  of 
electronics,  intereetingly  presented  for  non- 
tesfanical  readers.  Bssed  on  lectures  given  be¬ 
fore  tbs  author’s  fatal  airplane  crash  in  InUnd 


SAMPUNG  INSPECTION  TABLES.  By  B 
F.  Dodga  and  H.  G.  Romig.  John  WQay  A 
Sons,  Inc.,  New  York  10,  1944,  106  pagea,  11.50 
Three  papen  that  appeared  ori^dnally  in  BtU 
Syttmn  Ttehnieal  Journal,  deecnbing  sampUni 
inapeetion  tables  developed  for  use  in  manu- 
faeture  of  communication  apparatus  and  squip- 
niant  for  the  Ball  Telephone  System,  npraM 
with  a  brief  introduction  covering  advantage* 
and  ahortcomings  of  sampling  as  contrasted  to 
complete  inspection  of  production  output. 


SHOP  JOB  SHEETS  IN  RADIO;  BOOK  11- 
SERVICB  PROBLEMS.  By  R.  N.  Auble.  The 
Macmillan  Co.,  New  York,  1044,  Itt  pages.  $1.51. 
'Twenty-five  job  sheets  eovering  lasting  of  radic 
components,  construction  of  baiuc  receiving  sod 
transmitting  circuits,  and  cireuit  experiments. 


MODERN  OPERA'nONAL  MATHEMATICS 
IN  ENGINEERING.  By  R.  C.  Churebill 
McGraw-Hill  Book  Co.,  New  York  18,  1944,  IM 
pages,  88.50.  Solution  of  differential  equation- 
of  engineering  and  physios  by  Laplaee  transfor¬ 
mations  and  other  methods. 


THE  LIQUIDA’nON  OF  WAR  PRObuCTION 
By  A.  D.  H.  Kaplan.  McGraw-Hill  Book  Co. 
New  York  18,  1944,  lit  pagee,  81.50.  Recom 
iiiendations  of  an  economist  for  contract  can 
cellations,  dispoeal  of  surpluses  and  plut  con 


ALTERNATING  CURRENT  BRIDGE 
METHODS.  By  B.  Hague.  Isaac  Pitman  A 
Sons,  New  York,  19ti,  610  pages,  88.50.  Fifth 
edition,  with  mmor  changes  and  addition  of 
msterisl  on  copper-oxide  and  cathode-ray  de¬ 
tectors  and  an  appendix  on  bridge  eireuits. 


.MATHEMATICAL  AND  PHYSICAL  PRIN 
CIPLES  OF -ENGINEERING  ANALYSIS.  By 
W.  C.  Johnson,  McGraw-Hill  Book  Co.,  New 
York  18,  1944,  8M  pages,  88.00.  Emential  physi¬ 
cal  and  mathematical  principles  needed  for 
analysis  of  practical  engineering  problems,  with 
emphasis  on  methods  of  attack,  setting  up  equs 
tions  and  interpreting  results. 


AIRCRAFT  INSTRUMENTS.  By  G.  E.  Irvin 
McGraw-Hill  Book  Co.,  New  York  18,  1944,  007 
pagee,  85.00.  Second  edition,  with  new  material 
on  many  newly  developed  electrical  aircraft 
instruments. 


SPEAK  WELL-AND  WIN.  By  W.  P.  San 
ford.  Whittlesey  House,  New  York  18,  194f. 
178  pages,  82.00.  Practical  advice  on  speakinii 
aonvincingly  and  clearly,  for  those  who  mu-’ 
present  te^nical  problems  to  the  public. 


AIRCRAFT  PRODUCTION  ILLUSTRATION 
By  G.  Tharratt.  McGraw-Hill  Book  Co.,  Ne« 
York  18,  19M,  201  pages,  82.78.  Preoentatioo  of 
the  various  illustrative  techniques  available  to  all 
industrial  drafting  departments,  with  aircraft 
problems  serving  as  examples. 
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LIGHT  FANTASrin 


we  ever  did,  in  the  not -mysterious  method  in  which  we 
built  all  of  our  tansformers. 


•  .  •  a  transformer  headed  for  65,000  feet 
"oltitude**  ...  at  350  degrees  temperature! 

And  to  top  it  off,  it  had  to  be  "lighter  than  anything  on 
the  market,"  *they  said.  What,  we  asked,  was  it  for.^  They 
couldn’t  tell  us,  and  we  don’t  know  to  diis  day,  bur  we  do 
know  it  was  badly  needed. 


^or  reasons  of  military  security  names  canrtot  be  niven, 
BUY  WAR  BONOS 


"It  has  to  operate  not  only  on  a  60-cycle  current  at  ground 
level,  but  from  400  to  2600-cyclc  current,  and  what’s  more, 
at  a  simulated  altitude  of  63,000  feet." 

Thermador  built  this  special  transformer  equipment.  It 
passed  the  above  mentioned  requirements.  That  wasn’t 
enough.  They  gave  it  another  test,  in  which  they  changed 
die  temperature  from  ambient  (the  temperature  of  a  fairly 
^atm  room)  to  330— in  two  hours.  It  passed  that  test,  too. 
This  is  all  we  know  of  one  of  the  most  mysterious  jobs 


COLO  •  HUMIDITY 


DEFEAT  HEAT 
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or  dipping 


440  r— ruiiciuut...a  non¬ 
volatile,  non-foxiccoafing,  resis- 
font  to  Fungi  and  Mold  growth. 

900  OPAQUE  ..Insulating  coat 
acts  as  vitreous  enamel  coating 
...withstands  temps,  of  550‘*  F. 
made  in  variety  of  colors. 

430  GC-TRANSPARENT. ..For 

very  deep  penetration.  Forms 
very  strong  mechanical  bond 
between  wire  and  coil. 


OIELECTEIIC  CONSTANT  1.37 
SPECIFIC  GRAVITY  0.76 
NO  VACUUM  IMPREGNATION 


cons  .  RESISTORS 
CONDENSERS 
LAMINATIONS 


Backtolk 


This  department  is  oper¬ 
ated  as  an  open  forum 
where  our  readers  may 
discuss  problems  of  the 
electronic  industry  (h* 
comment  on  articles 
which  ELECTRONICS 
has  published. 


On  Frequency 
Recommendations 

Dear  Sirs : 

I  AM  MOST  UNPLEASANTLY  surprised 
to  notice  in  your  August  report  on 
the  plans  of  the  television  commit^ 
of  the  RTPB  for  frequency  alloca¬ 
tion  that  you  have  not  brought  it  to 
the  attention  of  your  readers  that 
the  50-56  Me  channel  is  disputed 
territory.  As  you  probably  know, 
Frequency  Modulation  Broadcast¬ 
ers,  Inc.  has  proposed  that  this  band 
be  allocated  to  frequency  modula¬ 
tion.  You  state,  “Since  the  report 


To  ServeYou  Better 

AN  ALTERNATE  SOURCE 
OF  GENUINE  BIRTCHER 
TUBE  CLAMPS  • 

• 

Prompt  Delivery 

• 

W«  ore  fully  licensed  to  manufacture 
the  complete  BIRTCHER  line  of  locking 
type,  stainless  steel  tube  clamps.  Orders 
placed  with  us  for  prompt  delivery  using 
BIRTCHER  part  and  identification  num¬ 
bers  will  be  filled  at  p/ices  as  favorable 
as  those  to  which  you  are  accustgined. 
All  clamps  will  be  identical  with  those 
manufoctured  by  the  Birtcher  Corpora¬ 
tion. 


m  btuKbt  ^.inumnuii 

CORPORATION 

5240  HUNTINGTON.  DR. 

LOS  ANGELES  32,  CAUF. 


STOP  VIBRATION  ^ 
GREMLINS  WITH  S 

BIRTCHER 

STAINLESS  STEEl  -  LOCKING  TYP[ 

TUBE 
CLAMPS 


Where  vibration  is  a  problem, 
Birtcher  Locking  TUBE  CLAMPS  offer 
o  foolproof,  practical  solution.  For 
ALL  types  of  tubes  and  similar  plug¬ 
in  components. 

83  VARIATIONS 


THE  BIRTCHER  CORPORATION 

Manufac  turer  f  AIRCRAFT 

o  n  d  R  A  DM  O  PARTS 
S087  HUNTINGTON  DR.  LOS  ANGELES  33 
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Mark  of  Progrtst  and  Quality 


In  the  modem 
industrial  plant 


•nicies  are  counted  faster  than  human  eye  can  function.  Electronic 
devices  tospea  the  interior  ctf  solid  objects.  Electronic  equipment  con- 
crpls  temperatures,  eliminates  smoke,  operates  lights,  classifies  colors 
,  .  .  establishes  heretofore  undreamed  of  standards  of  accuracy  and 
Inoeased  producdoo. 

Aod  dm  only  begins  to  tell  the  scgry.  New  methods  .  .  .  new 
qoaterials  ^ .  .  new  uses  of  electricity  . . .  will  be  matched  by  the  new 
and  improved  standards  of  design  and  construction  now  ^ing  per¬ 
fected  by  Ferranti  Transformer  precision  aod  craftsmanship. 

In  the  tempo  of  things  to  come,  you  can  rely  with  confidence  upon 
the  things  Ferrand  is  doing  today  ,  .  .  Ferranti  Quality  and  increased 
fadlides  will  enable  you  to  solve  your  PRESENT  as  well  as  your 
postwar  problems  ...  to  meet  the  increased  complexities  of  today's 
•nd  tomorrow’s  production. 

CONSUIT  WITH  FOIUNTI  NOW  ^  wherever  Quality 
and  prompt  deliverj  are  d  paramount  importance. 


lERRANTI  HECTRICf  lNC 
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MORRISTOWN,  N.  J 


represents  the  unanimous  opirion 
of  the  leading  technical  fti^urei:  in 
the  television  field,  .it  is  belie  ve4 
that  the  recommendation  will  be 
adopted  without  major  changes.’  It 
seems  to  me  that  this  is  not  a  fair 
scientific  discussion  of  what  i.4  a 
most  important  Issue. 

In  view  of  the  unpleasant  history 
of  frequency  modulation  politics,  it 
would  seem  highly  desirable  for 
Electronics  to  invite  qualified  per- 1 
sons  representing  both  sides  of  the 
question  to  state  their  positions  in 
your  columns.  If  this  is  not  donr 
Bi.bctronics  lays  itself  open  to  the 
charge  of  supporting  a  certain 
without  even  meiitioninr 


Eliminate  set  generated  heat  and 
you  get  not  only  peafc  mffkhney 

but  longer /ife  too  from  all  component  parts  in  electronic  equipment. 
Pilot  Blowers  are  proving  this  for  leading  manufacturers  in  this 
field.  Easy-to-1nstall — compact— quiet  running— economical  .  .  . 
these  ore  the  feertures  which  make  Pilot  Blowers  ideal  for  the  im* 
poitant  |ob  of  air  circulation  and  ventilation  in  Radio  equipment. 
Available  in  standard  models  to  move  from  15  to  110C.F.M. 
Write  for  Bulletin  507  today! 

F.  A.  SMITH  MANUFACTURING  CO.,  INC. 

•01  DAVIS  ST.  ROCHESTER  2,  N.  Y. 


group 

that  the  stand  of  this  group  is  in 
dispute. 

The  Committee’s  report  gives 
promise  of  a  widely  expanded  tele¬ 
vision  service  after  the  war.  This 
is  certainly  desirable.  On  the  other 
hand,  it  is  also  important  to  make 
sure  that  the  parallel  development 
of  fm  be  considered  as  part  of  the 
total  problem  of  expanding  postwar 
radio  facilities.  The  allocation  of 
frequencies  is  such  an  important 
aspect  of  this  that  an  opportunity 


’J/E  DOME  TYPE  LENS-CAP  WITH 
HEAVILY  WALLED,  DEEPLY  CUPPED 
GLASS  LENS.  SO  OUTSTANDING  THAT 
A  COMPLETE  LINE  OF  PILOT-LIGHTS 
HAS  BEEN  EQUIPPED  WITH  IT. 

For  Uso  WIfk  fhm  Most  Itoed- 
lly  ObfolRobfo  Lamp  tolbs 

Typt  No.  590  D/E  Unit  for  nu  with 
the  S6  condolabra  scrow  bait  laaip  on 
Yoltagas  ua  to  120  volts. 


rr  /ger  ipoboExod  businoas  is  th«  prodstefion  of  mica 

■id  olocfrkai  uso. 

condonsof  porta, 
ioa  of  atompings. 

It  of  our  buainots 
»r  rodio  tub*  ond 
'  yoora  of  oxpori* 
nd  undorttonding 
fundroda  of  load* 
lioto  focilHMa  and 
'  both  uMJol  and 
bo  ^od  «o  quote 


Tht  No.  590  D/E  Unit.  List  Prict.' 
(leas  laop)  S1.25. 

SpeclScatlom:  Mmintint  liol«.  dl- 
neter;  OTcrall  depth  behind  the  front 
of  the  panel  2";  length  of  threaded 
•rea  I  A"-  Underwriters'  Approred 
Diatributed  Natianally  by 

LGtAVtAR  lUCTRie  CO.  . 

WrHw  fw  ^ 


S3B  63rd  Stmt, 
Btgoklyii  20,  N.  Y. 

isfoMitlked  1t17 
Tefepbeao;  Wlodeer  f-43ej» 
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^ulac 


These  DuIqc  coatings,  containing  fungicidal 
ogents  which  nreet  the  requirements  of  the  Signal 
Corps  and  the  Navy,  prevent  tropical  fungus-growth 
which  causes  arcing  and  shorts.  They  ore  of  high 
solid  confent  and  have  good  moisture  resistorKe. 
Easily  applied  by  brush,  dip  or  spray,  on  any  type 
of  surface.  #86-A,  #96-A,  #512-A,  and  #522-A 
air  dry  tack-free  in  1 5  minutes  and  hard  in  1  hour. 
All  these  coatings  are  also  fire  retardant,  hove 
excellent  insulating  properties  and  will  withstand 
sudden  temperature  changes. 


DURAO  FUNGUS  RSSISTANT  COATING  #524  •  ••for  phenolic  insulators,  terminol  blocks,  junction 

blocks  and  the  fixed  windings  of  motors,  generators 
Contains  mercury  beoring  Fungicide.  gnd  dynamotors.  Bake  %  hours  @  250“  F. 


'  Prtftcflffg  ffct  UMIm  9f  Commwaitalioas  • 

Send  for  Bvllotin  "Dufoc  Fungus  Rosistant  Coatings  for  Trbpkalization  of  Radio,  Signal  and  Communication  Equipmont." 


MEET  Signal  Corps 
Spec  No.  71-2202- A 

FUNGUS  RESISTANT  LACQUER  #S6-A 
FUNGUS  RESISTANT  VARNISH  #512-A 

Contains  non-mercvry  beoring  Fungicide. 

FUNGUS  RESISTANT  LACQUER  #V6-A 
FUNGUS  RESISTANT  VARNISH  #522-A 

Contains  mercury  bearing  Fungicide. 


MAAS  &  WALDSTEIN  COMPANY,  NEWARK,  N.  J. 


PRODUCERS  OP  LACQUERS,  ENAMELS,  SYNTHETICS  AND  SPECIALTY  FINISHES  FOR  ALL  PURPOSES 
BRANCH  OFFICES  &  WAREHOUSES:  1658  CARROLL  AVE.,  CHICAGO,  ILL.  •  1228  W.  PICO  BLVD.,  LOS  ANGELES,  CALIF. 
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STANDARD  PRESSED  STEEL  CO 


should  be  given  for  the  fullest  dis¬ 
cussion  of  the  issue. 

L.  B.  Abguimbau 

ilMfatflNt  Profeuor 
MaMochuaettt  InatituU  «/  Technolo^ 
Cmmbridffe,  Mm«i. 

See  RTPB  on  FM,  in  this  issue. 
Statements  of  position  and  other 
.comments  are  most  welcome.  (Ed.) 


EXTRA 

EXTRA! 


Polarized  Speech 

Dear  Sirs: 

Mr.  Lee  Clough’s  letter  in  Back- 
talk  of  the  April  1944  issue  of 
Electronics  inquired  about  sub¬ 
ject  matter  relating  to  polarized 
speech  and  commented  on  the  lack 
of  information  on  this  subject  in 
current  manuals  and  texts . 

Information  on  this  subject  can 
be  found  in  an  article  by  Mr.  J.  L. 
Hathaway  in  the  October  1939  issue 
of  Electronics,  dealing  with  the 
effect  of  microphone  polarity  upon 
modulation  percentage. 

It  may  also  be  possible  Mr. 
Clough  has  reversed  leads  in  some 
studio  or  line  amplifier  input  cir¬ 
cuit.  An  article  in  December  1989 
issue  of  Radio,  dealing  with  ex¬ 
tended  positive  peak  modulation, 
points  out  how  this  condition  may 


lOLLOW  SET  SCREWS 


"UNBRAKO"  now  offors  you  hollow 
Mt  tcrows  in  vory  small  sizas — an 
important  devalopmant  from  tha 
standpoint  of  radio  and  alac-  j 
tronie  manufacturing.  Smallar  / ^ 

sat  scrawt  maka  smallar  / ^ 

shafts  possibla,  tharaby  / 
saving  spaea  in  alac-  / 
tronie  and  radio  / 
aquipmant.  / 


All  tha  usual  qualitias  of  "Unbrako" 
scraw  products  —  Accvrocy,  Hardnw 
and  Stnngth  —  ara  prasant  in  thasa 
smallar  scraws.  And  tha  hai-shapad 
sockat  in  all  "Unbrako"  Hollow  Sat 
Scraws  permits  easy  tightening  in  con¬ 
stricted  areas  —  another  space-saving 
feature. 


OVER  40  TEARS  IN  BCS1MHS8 


FLEXIBLE  SHAHS 


Though  we're  all  absorbed  iu 
vital  war  work,  let's  give  some  . 
thought  to  the  future.  ^  a  smart  * 
thing  now  —  get  thoroughly  ; 

acquainted  with  > 
Insuline's  vast  line  ^ 
of  Radio-Electronic  | 


that  carry  power  around 
any  comer  is  our  spe¬ 
cialty.  Faithful,  depend¬ 
able  power  drhres  or 
remote  control  in  air- 
plcmes.  tanks,  signal 
corps  radio,  and  many 
other  war  and  commer¬ 
cial  products.  Shafts 
made  to  your  specifica¬ 
tions.  Our  engineering 
department  will  work 
out  your  porticular 
power  problem  without 
obligation. 


Products  and  the 
Insuline  Manufac* 
hiring  Facilities . . 

These  2  books  telV 
the  story.  Write  for 
them  now. 


Write  today  tor 
Manual  D. 


WMt  Caast  Branch  431  Venice  Blv4..  Lee  Anteles.  CalN. 
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SINCE  1922 


SUN  RADIO 


212  FULTON  STREET 
NEW  YORK  7,  N.  Y. 


&  ELECTRONICS  CO 


Tel.  BArclay  7-1840 


IN  THE  nnsrsix  POSf-WAR  MONTHS 


I  SIGNAL  GENERATORS  I  PANEL  INSTRUMENTS  !  VOLT  OHM-MILLIAMMETERS 


POCKET  TESTERS 


TUBE  TESTERS 


VOLTOHM-MILLIAMMETERS 


R^CHECK  THE  TYPES  AND  QUANTITY 

Estimate  your  future  equipment  needs  and  place  a  tentative  post-war  order  for 
them  with  your  jobber  now.  This  foresight  will  enable  him  to  stock  the  Triplett 
instruments  you  will  need,  and  will  assure  you  tjuicker  resumption  of  civilian 
businMs.  Give  best  priority  you  can  obtain  to  facilitate  deliveries  as  production 
is  available. 

Got  the  complete  Hot  Triplett  inotrumente  end  rodio  teat  equipment. 


Triplett 


EurntirAL  iNsnunUENT  ro. 


BLUFFTON,  OHIO 


be  realized  by  reversal  of  input  cir¬ 
cuit  leads  in  speech  equipment,  its 
effect  on  modulator  output  wave¬ 
form,  and  the  carrier  modulation 
envelope. 

I  hojie  the  article.s  referred  to 
will  assist  Mr.  Clough  in  his  per- 
sual  of  this  subject. 

W.  L.  Moseley  T/4 

fHiiiiiil  Si-vlioH  JIQ  Co. 

Chui/i  III  iiHi'rfiorif,  }  a. 


Paiiil  ill  W'tirli 

Gentlemen : 

In  REFKKKNt'.K  lo  the  cscelleut  sug¬ 
gestions  contnineil  in  Uackey’s 
Small  TuIh*  Conservation  article 
(April  19441  \  would  like  to  add 
that  over  a  periisl  of  years  I  have 
found  that  after  painting  the  glass 
envelopes  of  ieceiver-ty|>e  iwwev 
tubes  and  other  lubes  critical  as  to 
grid  emission  with  a  heat-resistant 
dull-gloss  black  |>uint,  anid  allowing 
the  paint  to  tlry  tlnuonghly  lYefore 
using,  the  emission  characteristics 
of  such  1reale<!  tulH*s  held  up  re- 


LEGAL  NOTICi; 


STATKMKNT  OR  TIIK  OWNPatSIIII’.  klANAOKMKNT 
ciKciiiJLTiON,  i-rr(\,  itp:QiintKi>  av  tmr 
Airrs  OR  CONGKKSS  OR  AIKUIST  U. 

IBIl.  AND  MAIICII  3.  I»:IS 
Of  PUmronlcs,  |<uIiIIiiIm*<I  lliMitlilr  •!  AHwnv,  Nhi 
York,  for  October  I,  IPI4. 

1  SiHle  of  New  Y'oYk-  ) 

I  I'ounty  of  New  York  J  *“• 

,  IteTore  me,  a  Notary  Public  hi  atHl  fur  Um  Slate  aud 
county  aforeMld,  peraoiially  at>Poaie<l  Joaetib  A.  OeranN. 
who,  bavlutfiidcD  (UiUr  Mrom  aecoriilng  to  law,  iletMoea  u<l 
'^aia  that  he  U  the  Secretary  of  tlie  McUraw-lllll  l*iib 
lisbiiic  Company,  Inc.,  publtabcra  of  Kleclroiilei. 
ami  that  the  followlnf  Is.  to  tlie  beat  of  hla  know]- 
etlae  and  belief,  a  Ime  statement  of  tlie  owneraliip,  man 
.  agement.  ete.,  of  the  aforesaid  publication  for  the  dat* 
shown  in  the  abore  caption,  reqiilml  by  tlic  Act  of  Angiisi 
14.  1911.  as  aroemled  by  the  Art  of  llar<^  3,  llti.  esi- 
<  bodied  in  section  687.  Postal  and  llegolattons.  to 

wit : 

\  I.  That  tlie  name  and  adilrc-^  of  the  piibliaber.  nil 
tor,  managing  editor,  and  biiMness  iiianaiieni  Is:  IStb- 
'  Usher,  llcOraw-IIIII  Piibliabiiig  Coiiiimny,  Inc.;  Editor. 
Keith  tleniiey;  MMating  &lltor.  W.  W.  UacUnnald; 
Uusinew!  Blaiisger,  Wallace  11.  Illood;  all  of  330  Wrsi 
12nd  81..  New  York  City  IS. 

'  1.  That  tbs  owner  Is; 

McGrsw-HlIt  Publishing  Company.  Inc..  38u  West  tlml 
I  Street,  New  York  City.  Stockholders  liobling  1%  or  mot* 

;  of  stock:  James  H.  MrOraw;  James  II.  McOraw.  Jr.: 
James  H.  McQraw,  Jr..  Curtis  W.  McGraw  and  Edwin  8. 
Wilsey,  Trustees  for:  H.  W.  McQraw.  J,  il.  McQraw.  Jr.. 
D.  C.  McOraw,  C.  W.  McQraw;  Curtis  W.  McQraw. 
Donald  C.  McQraw;  all  of  330  West  41nd  Street,  New 
York  City;  Edwin  8.  Wllaey  and  CiirUa  W.  McQraw. 
Trustees  for  J.  H.  McQraw.  3rd,  Madlsen,  New  Jersey: 
Mildred  W.  McQraw.  Madison.  New  Jersey;  Wilson  C. 
Laueks,  Spruce  end  CnnsI  Sts.,  Ilsading,  Ps. ;  Orsc* 
W.  Msliren,  73  No.  Country  Club  th'..  l*lioenlx.  Arli. 
Margaret  Stump,  1418  Rose  Virginia  Rd..  Wyntnissini 
4>ark.  Reading.  Pa. 

.^8.  That  the  known  bondboldsis,  iiuHlgagcc.s,  and  atiMr 
sseurlty  holders  owning  or  holding  1  priivtit  or  more  of 
'  rntal  amount  uf  bonds,  mortgages,  or  oilier  scciirillM 
I  aro:  Nona.  , 

4.  That  the  two  paragraplis  next  abuie.  glriim  tbr 
nsmss  of  the  owners,  stoskboldei's.  and  security  hobirrs. 
if  any.  contain  not  only  tbo  list  of  stockholders  ami 
ssourity  lioldsrs  as  they  appear  upon  the  books  of  th* 
company  but  also,  in  cases  where., tlie  .stockholder  or 
sesurity  bolder  sppesra.upoo  the  boobs  of  tlie  eompaiij 
as  trastss  or  In  any  other  fldadary  relstlm,  the  nsuir 
ef  the  person  or  corporation  for  whom  sncIi  trustee  b 
.  aeting.  Is  glrw;  also  that  tho  said  two  paragraiilo 
oantaia  statsmmits  embrasiDc  slllBat'a  full  knowleilii' 
and  hsUaf  as  to  the  elrcuasstanoss  sod  roadltloos  uixior 
whiah  atsskboldera  and  sseurlty  holders  who  do  no' 
appear  upon  the  books  of  tbs  eompany  as  trustees,  b"kl 
atoek  sad  sssurltles  la  a  eapaaitt  other  than  tbat  or  s 
boas  Ids  owner:  and  this  sllaiit  has  no  rsaaon  to  bclicrs 
that  any  other  parson,  saaosiatloa,  or  eeiporatlon  I>ai> 
say  latsraat  direst  or  indlrset  in  the  eald  etock.  bou-is, 
er  other  eeeuHtles  than  as  so  stated  by  him. 

1.  A.  QmURDI,  SsereUrt 
MeGRAW-HILL  PUBUSmNO  COMPANY.  INC. 
Strom  te  sad  subsoribsd  baforo  ms  this  28th  dsy  '>t 
Septmber,  1844. 

I8FAL1  ELVA  Q.  MASIdN 

(My  eemnilH.sir>n  expires  March  80,  1848.) 


WE  HAVE  THE  TOOLS 
TO  DO  YOUR  JOB 


The  Standard  Products  Company 


General  Offices  and  Research  Laboratory 
•  Woodward  Ave.  at  E.  Grand  Blvd. 


505  Boulevard  Bldg. 


Detroit  2,  Mich 


t  cir- 
^  its 

rave. 

Ition 


^  the  lamest  known  infection  presses 
Three  of  the  largest  ««  Divisk* 

wotW  «ie  «  OP*^***®  t 

of  Standard  Products  Comply, 
presses  have  an  injection  capaaty  rf  %  «  JP 
capable  of  molding  m  four  colon 
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CAN’T  SEE  ITS  EXCELLENCE 


Unseen  features  of  every  Peerless 
Transformer  are  "Vac-Seal"  impregna¬ 
tion,  improved  winding  technique,  5-way 
tested  coils  and  custom  case  construction. 


AT  100  MC 
<DILCCTENE 

f  A  C-D  Engineered 
iJ-H-F  Insilition 


Fungus-Proofed 

Waxes 

At  o  vital  service  to  the  Armed 
Forces  we  now  offer  Fungus  Resist¬ 
ant  Materials.  These  recently  devel¬ 
oped  products  ore  the  answer  to 
Communications  requirements 
where  the  impregnation  or  ^ 
coating  of  radio  parts 
and  .^equipment  are 
concerned. 


FOW£K  FACTOR 
0U)033 


STABLE 

UNDER 


DinECTRIC 

CONSTANT 

J.57 


Tiiipiratiri 

Extriiis 


ZOPHAR  waxes  and  compounds 
meet  every  specification  of  both  the 
Army  and  Navy  for  waterproofing 
and  insulating  all  electrical  ond 
radio  components.  They  also  have 
wide  application  In  packoghig  of 
every  description. 


Hichiiicil 

$tri$$ 


READILY 
MACHINED  y 


Ckiaical 

Coiditiois 

for  complete  technical 
'  data,  send  for  Bulletin  DN 

^NTINENTAL-DIAMOND 

FIBRE  COMPANY 

I  NEWARK  16,  DELAWARE 


ZOPHAR  MILLS 


ESTAUISMfD  184« 


112-130-2^^  STREET 
BROOKLYN,Ut. 
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THEIR  SMALL 
MOTORS 
ARE  TOPS! 


THEY'RE  RIGHT  SMART 
ABOUT  MOLDED 
PLASTICS,  TOO! 


E  N  E  R  A  L 

NDUSTRIES 

COMPANY 


It  is  easy  to 


see  that 

rboth  these  gentlemen  are 
satisfied  customers  of 
(General  Industries.  One 
acclaims  our  “know-how” 
in  molded  plastic  parts 
—  the  other  our  velvety 
Smooth  Power  motors.  Yes, 
we  do  both  jobs  under  one 
roof  and  one  management. 


-  •  ■  *  The  plastic  parts  buyer  has  profited  from  the 

ingenious  skill  of  our  mold  makers,  who  enable  us  to 
turn  out  tricky  jobs  economically  and  on  time.  Quite 
likely  he  has  seen  our  up-to-date  equipment  for  com¬ 
pression,  transfer  and  injection  molding  of  large  or* 
small  parts  in  any  quantities.  Our  engineers  have  made 
sensible  and  workable  suggestions,  by  reading  between 
liis  blueprint  lines.  He  is  typical  of  leading  manufac¬ 
turers  in  many  fields  who  rely  upon  General  Industries 
plastics  division. 


The  speaker  on  Smotah  Power  motors  might  be 
a  radio-phonograph  builder  who  uses  our  turntables, 
rectard  changers  and  recorders.  Or  he  might  be  a  designer 
who  depends  upon  these  fine  low-torque  drives  to  power 
electric,  electronic  or  mechanical  devices.  In  any  case, 
he’s  well  acquainted  wdth  the  facilities  of  our  Smooth 
Power  motor  division. 


yUe  want  to  emphasize  the  point  that  ■ 
we’re  a  thoroughly  able  producer  of  both  I 
these  products.  If  your  plans  call  for 
either  or  both,  we’d  like  to  work  with 
you.  In  your  request  for  details,  please 
address  the  respective  division  .  .  .  small 
motors  or  plastics. 


ELECTRONICS  —  Wovemlwr  1944 


IMON  S 


>  »c# 


DIAL  LIGHT  [0. 


DIRUO 


Sllmj»MCL,  x^rve. 
900  BROADWAY  •  NEW  YORK  3,  N.  Y 

Telephone;  ALgonquin  4-5180-1-2-3 


of  Chart  I.  The  value  of  /  as  found 
in  the  last  paragraph  would  also  Ixr 
affected  if  the  value  of  T  above  Is  in 
error. 

It  is  interesting  to  note  that 
Chart  I  for  tan  (o_J,  /6)  is  used  to 
solve  the  SMne  kind  of  problems  a£i 
a  chart  for  tanh  (a  +  if)  by  Paul 
J.  Selgin  in  Communications  for 
Feb.  1944.  These  two  functions  are 
of  course  related  by  the  equation. 
j  tan  (a  -f  jb)  =  tanh/  (a  +  jb). 

Robert  6.  Pains 

Ho9Hton,  y.  J 

Dear  Mr.  Paine: 

. I  rechecked  the  article  in 

question.  The  value  for  T  should  be 
0.64,  as  you  state,  and  not  0.68. 
Thank  you  very  much  for  bringing 
.  this  error  to  my  attention.  The 
a  value  of  /•  had  to  be  changed  ac¬ 
cordingly. 

1  was  not  able  to  obtain  Mr.  Sel- 
gin’s  article.  The  tan  (a  -|-  jb)  and 
the  tanh  (o  -f  /t)  charts  should  be 
identical  but  for  the  direi^tion  of 
the  coordinate  axes  and  an  angle  of 
90  deg. 

R.  F.  Baum 

IhiiHttriul  Jnttmmentt  Inc. 

Jcrtey  City,  H.  J. 


■ 


V: 


PLASTIC  PARTS 

large  or  small  quantities.  Produced  to  your  specifi 
cations.  Precision  machining,  stamping  and  forming 
all  plastics.  No  molds  required  Send  your  blueprint, 
or  write  for  bulletin. 

I'r.lMTLOIIU^e. 


•);’)  Mend 


Neu  \i.rk  U  N  \ 


X 


f.i 


IMPROVED 

KELNOR 


RC  C  .  U  .  S  .  PAT  .  Off. 


dectrcc  soldering  iron 


about  '/] 
actual  lize; 
weighs  Vi  lb. 


\ 


solderini 


in  the 


ELECTR6 


RADIO  A 


INSTRUMENT 

manufacturing  and 
repairing  fields 

Eatily  told*r*  hard-to^codi  connMiom. 
Cwli  down  fatigwn,  incroatot  accuracy. 

•■Di>  rRta  Ytvi  jitsia.  ta  •laicT. 
•iNfaM.  amea<  atMTaa  Tfwn,  «M  nuNcuM  I 

KEiNOR  anNancTHiaG  cAarMY 
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